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PREFACE 
Work on input-output modeling at IIASA began in 1979 with 
Clopper Almon and Douglas Nyhus, and the third year of research 
in this area has now been completed. During this period there 
has been considerable progress in the construction, linking, 
and use of input-output models; the programs for the basic IIASA 
models have been modified so that they can be used on a number 
of different computer systems and a user's guide to the basic 
program SLIMFORP has been published by U. Sichra as IIASA Work- 
ing Paper WP-81-114. 
With substantial help from IIASA and the Inter-Industry 
Forecasting project (INFORUM) at the University of Maryland, a 
self-organizing network of collaborating institutions has been 
built up to work on the development and linkage of input-output 
models. IIASA is particularly suitable for this type of co- 
ordination role because of its many contacts in all parts of 
the world. 
A Task Force meeting is held each year to draw together the 
results obtained by the collaborating groups and to discuss 
future research. The second of these meetings was held in 
September 1981 and was attended by 38 participants, representing 
20 different institutions from 16 countries. This volume con- 
tains the papers presented at the meeting, and is divided into 
sectors dealing with the specific topics discussed in each session 
The first section deals with results and problems connected 
with the national models and contains contributions from 
D. Vanwynsberghe (Belgium); A. Dimitrov (Bulgaria); R. ~ourbis' 
(France) ; G. Fink and A. Simon (Hungary) ; D. Bell (U.K.) ; and 
D. Nyhus (U.S.A.). 
The second session was devoted toworkon modeling of personal 
consumption expenditure, and both criticism and extensions of the 
Almon model (which allows a good to be a complement to or a sub- 
stitute for another good) were presented. Family budget and 
expenditure data were used to demonstrate methods which estimate 
income elasticities and which incorporate demographic effects. 
Contributions from P. Devine (U.S.A.); L. Grassini and M. Grassini 
(Italy); and G. Kornai (Hungary) are included in this section. 
In the third section the participants discussed the problems 
connected with investment functions and estimation. Papers by 
C. Ciaschini (Italy); 0. Forssell (Finland); and A.  Smyshlyaev 
(U.S.S.R.) deal with the development of improved estimation tech- 
niques. 
The fourth section contains papers on more general topics: 
A. Cavalieri (Italy) and A. Lotov . (U.S. S .R. ) discuss linkage in 
input-output models, and U. Ludwig (G.D.R.) considers the re- 
lationship between final demand and resources. 
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PART 1 
RESULTS AND PROBLEMS 
CONNECTED WITH NATIONAL MODELS 

INFOUK - AN INTERINDUSTRY FORECASTING 
MODEL FOR THE U.K. 
D. Bell 
One of t h e  g r ea t e s t  d e f i c i en c i e s  of conventional macroeconanetric models 
is t h e i r  almost canple te  neglect  of t h e  process of production. The l e v e l  
of demand is normally ca r e fu l l y  modelled and great a t t en t ion  paid t o  t h e  
determination of wage and p r i c e  l eve l s .  However, t h e  supply s i d e  of t h e  
econany is normally l e f t  t o  fend f o r  i t s e l f .  The shor t  m n  supply curve 
f o r  goods is apparently i n f i n i t e l y  e l a s t i c ;  producers are ab1.e t o  meet 
any leve l  of demand because, i n  t u r n ,  t he r e  is alvays a s u f f i c i e n t  supply 
of f a c to r s  of production t o  met t h e  requirements of t h e  production 
process. 
NCW, t h i s  zpproach may be q u i t e  reasonable in t h e  short-run, f o r ,  of course,  
t h e  checks and balances imp l i c i t l y  o r  e x p l i c i t l y  anbodied i n  any r e a l i s t i c  
rnodel of aggregate demand ensure t h a t  t h e  productive s ec t o r  is required t o  
produce any a rb i t r a ry  l e v e l  of output .  731e a.s,wption of i n f i n i t e  
e l a s t i c i t y  only extends over a f a i r l y  n,.u?-ow band bordered at t h e  lower 
l eve l  by a s o c i a l  and p o l i t i c a l  b a r r i e r  which is deteimined by t h e  extent  
t o  which soc ie ty  is prepared t o  t o l e r a t e  underu t i l i sa t ion  of f a c t o r s  
and at t h e  upper l ev e l  by a b a r r i e r  which reflects t h e  t echn ica l  and s o c i a l  
cons t ra in t s  on production. These endpoints may not be e x p l i c i t l y  
modelled, but d e l b u i l d e r s  w i l l  r e ad i l y  admit t h a t  t h e i r  f o r eca s t s  are 
confined within uhat they be l i eve  t h i s  range t o  be. 
n - 
~ : I s : i - s - '  a-e I V K I  !?:-:.j~?l- dr:\,;;b:~(,kz; 1,:.i 1 :I t i :  ; 5. :!;-'; ! ! . , ~ , ; 1 , , ! 1 :  Tj 1 . 3 ~  1 ] I (  \ . L ~ J  I \,!.I (,:; 
is c::s~ ti\7(:r >;!i~;'l-rllg i ndus t r i a l  I~::I:~.:I(J;;I. j ~ l i ! i c ~ ~  t 1 1 : i t  .CIEC:~I I I K > ; ! C : ~ S  ;u-c~ 
incapabl o of mrrlysing tile ef f ectc. of c ) . c l  i i . 2 1  f 1uctu;rt ions 011 p:isticular- 
indus t r ies .  For e x q l e ,  none of the  con~:entional models are capable of 
predic t ing  t h e  e f f e c t  of a f a l l  i n  t h e  l eve l  of investment on t h e  output 
of the  steel industry.  Secondly, the  long-run behaviour of t h e  econany 
cannot be reasonably expected t o  l i e  within t h e  boundaries e i t h e r  
& l i c i t l y  or i m p l i c i t l y  included i n  conventional models. The boundaries 
thanselves must be modelled f o r  they cannot r e a l i s t i c a l l y  be regarded as 
constant i n  t h e  long-run. Indeed, one car1 go fu r the r  and argue t h a t  it is 
t he  movement of t h e  upper boundary, t h e  boundary on productive capaci ty ,  
which w i l l  determine t h e  long-run growth path of a p o l i t i c a l l y  and s o c i a l l y  
s t a b l e  econany. Implicit i n  such a view, of course,  is an assumption t h a t  
markets opera te  f r e e l y  i n  t h e  long-run; wage and p r i c e  r i g i d i t y  may 
determine t h e  l e v e l  of danand f o r  output and labour i n  t h e  short-run, but  
in t h e  long-run market d i s t o r t i o n s  and i n s t i t u t i o n a l  r i g i d i t i e s  can always 
be circumvented. 
The e-xperience of t h e  last ~ K I  years  has l ed  many carmentators t o  t h e  view 
tha t  the  B r i t i s h  econany can never r e tu rn  t o  a pos i t ion  of expanding output 
and f u l l  anployment; t h i s  m l d  seem t o  be a doct r ine  of despa i r ,  brought 
about bq a p a r t i c u l a r  canbination of p o l i c i e s  and events  which are unl ike ly  
t o  be repeated. The present  severe  underu t i l i sa t ion  of resources cannot 
be regarded as a r e l i a b l e  ind ica to r  of t h e  long-run perfoxmance of t h e  
econany. Given t h a t  t h e  market mechanism has not been e n t i r e l y  l a i d  t o  
r e s t ,  a more balanced view of t h e  long-run performance of t h e  UK econany 
should incorpora te  those  supply-side f a c t o r s  al luded t o  above. 
This paper has been w r i t t e n  t o  descr ibe  a model of t h e  UK econcnly, known 
as IiL?.WK, u5-e main focus of a t t e n t i o n  is t h e  productive s e c t o r  and which 
eventual ly,  it is h o r n ,  w i l l  be ab le  t o  remedy t h e  b \ i n  def ic i enc ies  of 
* 
most e x i s t i n g  macro-models out l ined h17e. This model has been developed 
a t  t h e  University of lh ry land ,  US4 and a t  the  Fraser of Allander I n s t i t u t e ,  
Glasgcw.along t h e  l i n e s  of a number of nhtional  models which share  t h e  same 
bas ic  structure and ~ 5 i c h  w i l l  eventual ly be l inked together  t o  provide t h e  
* The m x t  obvious exception t o  these  cr i t ic im amongst e x i s t i n g  UK models 
is t h e  Cambridge Gravth Pro jec t .  
i!i-).it dcltailcd ::I t i .  . I  of r~::-ld trhi? I.'::: ~ 1 . ; - . l -  ~!-l:~:: (.if. ' E 1 d ,  i 1'1.1 nl 
the u u r k  of P1-0f'f.ri:~~):- C Almli at t h e  Vnivt-:I..-..; t \ ~  of :inrylar~d ~ ~ d i o  hx? ;J 1 r c ;~ i i y  
miple t~d  the mn%truction of a luge  (200 sctctor) cmrlel of tlle US ?c.or:my 
and has been instrumental i n  the mnstructiorl of similar, though smaller 
mxlels in France, \Vest Gemany, Canada, Japan, Austria and Italy. 
These mcxlels are k n a m  collectively a s  the INFORUI\! group of models. 
The keystone of each of the models is i npu ta tpu t  (1-0) table which 
describes the inter-industry transactions which capr ise  the accounting 
frameuork of the productive sector. Thus, for example, the 1-0 table can 
be used to detexmine how the output of the steel industry is distributed 
as betwen, say, autambile production, construction and exports; or how 
the textile industries costs are broken down between, say, the cost of 
chemicals, energy and labour. Jmplicit in these transactions is a particular 
way of making a good; there is a given production technology. A s  w i l l  be 
apparent subsequently, the structure of the INKBIJb1 models is sufficiently 
flexible to  enable one to  revise production technologies inzhelight of 
known, or a s h ,  technical changes. 
I t  is not simply i n  the modelling of technical change, however, that 
INFDRUM is extranely flexible. The model-user has a wide ability to  control 
the paths of any of the several thousand variables built into the model. 
Coupled with the advantages of supply-side modelling, the flexibility of 
DEWK makes it an  extranely poiwrful and useful tool for econanic analysis . 
and forecasting. 
The ranainder of t h i s  paper is concerned to  describe the construction and 
implanentation of the model. Thus SM;TIal 2 describes the major 
characteristics of INRXTK, while SECTICP: 3 details,the implanentation of 
the model. 
The claim that INFIXJK is able to  present a more detailed view of the 
prcductive sector than the traditional rnacranodels is clearly danonstrated 
by the degree of disaggregation at which it operates. There are 102 
separately identified industries in the model, the bulk of these being i n  
the manufacturing sector. These correspond to the sectors in the latest 
(1974) UK 1-0 table, which was published in  late 1980. The ful l  list of 
st.ctcrs is acaii:ilil<? i i r !  A~!et.n:lis A-1.  Cc~ns i t1 i : r~ i l  p s  i . r , d : ~ s t r i r ~ s  ;n:!'*
t . m n d i t i e s )  thclsc: corres!-?ond t o  s ing le  or ~ ~ C U I X ~  kZ,F!'s under t-.!..c? 1 9 G E  
Standard Indus t r i a l  Class i f ica t ion and are thcreforc- ccmpatible u- i t h  a 
wide range of other  government s t a t i s t i c s .  The square A-matrix, describing 
i n t e r m d i a t e  t ransact ions ,  is supplemented by an extensive array of f i n a l  
demand a m p n e n t s  and by a breakdcnm of value added as between s a l e s  by 
f ink l  dtmand , taxes  and subsidies ,  incane f ran enployment and other  value 
added. 
Final  demand is dis t r ibu ted  between c o n m r s  expenditure, government 
spending, c a p i t a l  foxmation, stockbuilding, exports  and imports. These are 
f u r t he r  subdivided, the re  being 48 categor ies  of consumrs expenditure, 
f o r  example, which are mnpat ib le  with t h e  Blue Book breakdown of personal 
spending. There are t en  categor ies  of expenditure on focd, one f o r  each 
of t h e  major forms of t ranspor ta t ion and so on. Capi ta l  spending is broken 
down between construction and t h e  rest (which encanpasses p lant ;  machinery, 
vehic les ,  sh ips  and a i r c r a f t ) .  There are 36 categor ies  of construction 
expenditure, one f o r  each of 35 m j o r  i ndus t r i a l  o r  canercial s ec t o r s  and 
one f o r  r e s i d en t i a l  construction. These same 35 s ec t o r s  -rise t h e  
ca tegor ies  f o r  t h e  ren,ainder of c a p i t a l  formation, separate  iden t i f i ca t ion  
being given t o  investment in plant  and machinery and t o  invesiment i n  sh i p s ,  
vehicles and a i r c r a f t .  Again, these  categor ies  are drawn f r a n  c l a s s i f i c a t i ons  
used i n  t h e  Blue Book; i n  consequence, time series da ta  is read i ly  
avai lable  t o  iden t i fy  invesiment t rends  i n  pa r t i cu l a r  sectors .  Government 
spending is divided i n t o  four types; mi l i t a ry ,  nat ional  hea l th  service, 
cen t ra l  and local government. Yihile t h i s  d ivis ion is of clear use in 
a s s i s t i ng  t h e  &el t o  assess t h e  impact of pa r t i cu l a r  govermnent 
exqenditure s t r a t eg i e s ,  one sh ml d  bear i n  mind t h a t  t h e  model is 
su f f i c i en t l y  f l e x i b l e  t o  assess policy i n  a more de ta i l ed  fashion than t h e  
use of only four  expenditure categories might, prima f a c i e ,  suggest.  I t  
is pssible not only t o  assess the  impact of a broad switch amy frcm l oca l  
government tavard defence, f o r  exainple, but a l so  t o  assess t h e  impact of 
say,  a subs t i tu t ion  within t h e  defence budget of sh ips  f o r  a i r c r a f t .  
E?rports are accorded a separate  sec to r  as are changes i n  inventories.  
Imports are considered in considerable d e t a i l .  A matrix is avai lable  
describing i n t en wd ia t e  import f l m ,  as is information on t he  import content 
oi e;!c!l m7 jol' f i:;a I GC;;.UI~ c:tlyi;ol-). ; c1 )!~si!!!:;,: if , t i  . g! ~ ~ , , ~ = r i c ? ~ ~ : :  Y SJ b-~~<lr;;:. 
c:cpit nl  fo~r:x~it.ic?. , eymrt:: (1-e-cq~:rr s) , and in\.i~nt.r)r-j- c!~angcs. P h t  only 
a-c these import flows useful  i.n zss<:ssing the r e a l  irrpact of changing t r ade  
p:ltterns, they alsr) play an inrportant ro1.e i n  t h e  transmission of p r i c e  
changes; a r o l e  which w i l l  be e ~ ~ l i c i t l y  modelled w b ~ > n  tbeprice s i d e  of 
'INFOUI;. is developed. 
The' model is set up i n  producer p r i ces ;  t h a t  i s ,  t h e  cost at which o u t p l t  
is sold t o  in ten led ia te  o r  f i n a l  dmand excluding any t axes  o r  subsidies  
which t h e  purchaser may have t o  pay. F'urther , f o r  consumers expenditure, 
d i s t r i b u t i o n  costs are a l l cca ted  t o  d i s t r i b u t i v e  t r ades ,  t ranspor t  etc, in 
order t h a t  t h e  da ta  f o r  consumption by sec to r  approximate t h e  p r i c e s  charged 
by t h e  u l t imate  proaucers 03 t h e  good. 
As implied above, t h e  flows used i n  t h e  model are a l s o  inclus ive  of imports. 
The use of t o t a l ,  r a t h e r  than danes t ic  f l a ~ ,  is of p a r t i c u l a r  value i n  
t h e  ana lys i s  of t r ade  and technological change. 
To sunmarise, INFOUK has  102 s e c t o r s ,  101 of which are a c t i v e  ( t h e  102nd 
is publ ic  administrat ion which has an q t y  row and column). There are 
4 elenents  of value added and 165 f i n a l  denand columns (48 f o r  ICE, 111 
f o r  i n v e m n t ,  4 f o r  governnvsnt spending and one each f o r  st&. changes, 
exports and imports).  An imports matrix is avai lable  and t h e  import content 
of each of t h e  f i n a l  demand aggregates (FCE, expor ts ,  s tock changes, 
investment and government spending) is known a t  t h e  102 s e c t o r  l e v e l .  
The model w a s  i n i t i a l l y  developed on t h e  Prime 550 a t  t h e  University of 
Maryland over t h e  period hlagJuly 1981. Tile f i n a l  "Maryland" version of 
t h e  model canprises t h e  input-output s t r u c t u r e  as described i n  Section 2 
but does not include any behavioural equations f o r  t h e  f o r e c s t i n g  of f i n a l  
-
demand. The model can t h u s  run  t h e  ' scenar io  setterst b u i l t  i n t o  t h e  
standard INlGNM programs. For example, we can set t h e  l eve l  of f i n a l  
demands t o  what t h e i r  values have ac tua l ly  been during t h e  period f o r  which 
such d a t a  is avai lable .  Forecasts  can be developed by using other  groups'  
projec t ions  f o r  f i n a l  danand aggregates and plugging these  i n t o  t h e  model. 
Hawvcr, t h i s  is vt-ry rmeh a ' secor1c1-b~z,-r ' sy.yr.u~;ch ; it is c1c:u-ly ci,rc.. 
desi rable  t h a t  I P b C F % I C  incoqm-at  es its a\;l : ~ i . c c a s ~ s  of f i na l  d ~ z : c d s .  
In order t o  accanplish t h i s  object ive ,  p r w e s s  has t o  be m d e  on t v . ~  f r on t s .  
F i r s t l y ,  time series da ta  m u s t  be collected on the  c m p n e n t s  of f i n a l  .denand. 
With t he  exception of t r ad e ,  t h i s  can be achieved v;ith l i t t l e  d i f f i c u l t y .  
'he CSO macro-ewnanic databank contains extensive time-series d a t a  on PCE, 
i nveshen t ,  government expenditures and stocks. Work is cur ren t ly  being under- 
taken which involved setting up programs to in ter rogate  t h i s  databank and 
to perform t h e  usual  ewn ane t r i c  procedures on t h e  data .  The t r a de  d a t a  is 
scmewhat more problematic, s i n ce  ccrrmoditg-based import and export s t a t i s t i c s  
are not read i ly  ava i l ab le  a t  an appropriate level  of disaggregation. A 
considerable amcunt of e f f o r t  w i l l  be required t o  construct  ' t h e  appropriate 
series. 
Secondly, in order t o  incorporate t h e  estimated behavioural parameters 
i n t o  t h e  system, it is n e c e s s w  t o  get  t he  model up and running on a local 
i n s t a l l a t i o n .  In c en t r a l  Scotland t he r e  are number of cmpute rs  t o  which 
t h e . h a s e r  of Allander I n s t i t u t e  has access which could be used t o  run 
I N l W K .  ?he largest of these  is t h e  ICL 2980 a t  t he  Regional Cmputing 
Centre, Edinburgh. The 2980 has 2.5 M byte main store and d i s c  s torage 
capacity of 1800 hibyte. It ccmnunicates t o  a l a rge  number of terminals and 
terminal control  processors (mainly DEC POPll/lOfs) v i a  three Front End 
Processors (DM: POP 11/34's) .  This is therefore  an extrenely l a rge  machine 
which could e a s i l y  accarmodate t h e  ~~1 Frogrms.  There is also a 
FORTRAN 77 canpi ler  mounted on t h e  machine. The pa r t i c u l a r  advantages 
offered by t h i s  ampiler are t h e  a va i l a b i l i t y  of the  PAR4MEEl s ta tanen t  
and t h e  file-handling m u t i n e s  which are c&parable t o  t h a t  of t h e  Prime. 
?here should not the re fore  be m c h  d i f f i c u l t y  i n  ensuring t h a t  t h e  rnodels 
run, though it b i l l  be n e c e s s a c  t o  e d i t  t he  program considerably t o  INSEKI' 
those f i l e s ,  such as CX3BKN and P- which are used esrtensively i n  t h e  
system. I t  is unfortunate t h a t  t he  LYSERT statement u s  not included as 
part of t h e  m 1 W  77 standard f o r  t h i s  ~ ~ u l d  seem to  be its only 
funciamental d i f ference f m  PRIME FWlXAlY. %%en our work is ccmpleted we 
hope t o  have a version of t h e  lEJORUh1 programs which w i l l r u n o n  any of t h e  
FWI'RAN 77 ccmpilers which areaav becaning carmon on a wide range of 
machines. 
:Is ~ I . , I -  w r i t i n g  t l i t !  ad:li? i c)n::l ~ T - ( . Y ; ~ . X : L ~ :  rItA:*, ,:;K;L~-,,; 1 I-;K,I-LL! ( . $  :: r v .  ,I.( , 
cxq?lc ; s  and i n t c ~ r - - ~ . < ~ l a t c ~ d  fi11:~l di?n,z7d s t r~ : . :Lr :~- i> ,  in, j n l f z~nc l  I:I ffol:c~n. 2 
saielthat d i f f e r e n t  and c e r t a i n l y  novc!l appso;~ch. The I n s t i t u t e  posses sc !~  
microcarpxlter d-lich can s u p p r l  two u s e r s  and h a s  a l?3ETFW cunp i l e r  and 
RATFOK pre-pxx.es.mr.Fkmning under a UNIX-like opera t ing  s y s t m  wi th  an 
ext rene ly  powerful screen  e d i t o r ,  t h i s  machine possesses great advantages 
over t h e  t r a d i t i o n a l  mainframes, few of ~ h i c h  p resen t ly  o f f e r  RATFOR. 
FVincipal of t h e s e  is t h e  reduct ion  in program developnent t ime  which 
r e s u l t s  f r a n  t h e  u s e  of a s t r u c t u r e d  languzge such as RATFOR. Now i n  terms 
of sheer canputing p e r ,  a 64K micro is obviously not  i n  t h e  same league 
as a 2.5 Mbyte mainframe. The actual m i n g  of p rogram is best l e f t  t o  
t h e  latter. Thus we i n t end  t o  send t h e  detmgged ve r s ions  of t h e  p r o g r a m  
i n t o  t h e  r eg iona l  network t o  be picked up and run on t h e  2980. We have 
a l ready had sane experience with t h i s  technique while cons t ruc t ing  a medium 
term me1 for Scot land ,  which s h a r e s  many f e a t u r e s  w i t h  t h e  INFCRUh1 class 
of mdels. 
Clezrly, t h e r e  is still a great deal of work t o  be done. Our major concern 
at  present  lies in mounting and running t h e  programs necessary t o  e s t a b l i s h  
and develop I&-. A s  y e t ,  t h e r e  has  been l i t t l e  t ime t o  cons ider  t h e  
t h e o r e t i c a l  aspects of t h e  equat ions  l i k e l y  t o  be embodied i n  t h e  model. 
Nevertheless,  once we have a sound canputing base we would hope t o  make 
considerable p rogres s  and are looking forward t o  p resen t ing  a considerably 
mre s o p h i s t i c a t e d  working model in 12 m n t h s  time. 
THE ANAIS MODEL. AN ANNUAL 
INPUT-OUTPUT MODEL FOR THE 
FRENCH ECONOMY 
R. Courbis and H. Sok 
Le modsle MAIS ' -  a i n s i  appelG p a r  a b r G v l a t i o n  de "modsle - ANnuel 
d l ~ n a l y s e  - - I n t e r - S e c t o r i e l l e )  - e s t  un modsle de p rGvis ion  e t  de s i m u l a t i o n  
annue l  de t y p e  i n t e r - s e c t o r i e l  q u i  permet de prGvoir  1 ' 6 v o l u t i o n  de 
l a  p r o d u c t i o n  e t  d e  l a  demande 2 un n iveau  trss d 6 t a i l l 6  : c e l u i  de l a  
nomencla ture  S91 e n  90 b ranches  de l a  Comptab i l i t6  Na t iona le  f r a n ~ a i s e  
( s u r  c e t t e  nomencla ture  v o i r  ' t a b l e a u  1 ) .  
C o n s t r u i t  p a r  l e  GAMA, c e  modsle concerne seulement  l ' economie 
f r a n ~ a i s e  mais on s e  propose  ( v o i r  i n f r a )  de l ' i n t g g r e r  a u  sys tsme de 
modsles 1 / 0  n a t i o n a u x  du p r o j e t  INFORUM ce  q u i  p e r m e t t r a i t ,  pour  l e s  
( 1 )  
s i m u l a t i o n s  de  t e n i r  compte des  e f f e t s  de feed-back i n t e r n a t i o n a u x  , 
( 1 )  Dans l e  c a d r e  du p r o j e t  INFORUM, un modsle 1 / 0  de l a  France  a  6tG 
c o n s t r u i t  p a r  LEE e t  ALMON (1978) .  C e t t e  v e r s i o n  a  G t G  u t i l i s e e  
rGcemment pour  des  s i m u l a t i o n s  " l ink6es"  avec  l e s  rnodsles al lemand 
e t  b e l g e  du p r o j e t  IRFORUM ( v o i r  NYHUS e t  ALMON, 1980).  E l l e  a  
Ggnlernent f a i t  l ' o b j e t  d ' u c e  rGest i rnat ion s u r  l e s  n o u v e l l e s  s e r i e s  
de  l a  Comptabil i tG Na t iona le  p a r  l e s  s o i n s  de P .  HENAFF (1981) .  
--- 
'* lmencla t u re  
i r  I l n t i t u l b  des branches 
Produi  t s  de 1  ' a g r i c u l  t u r e  
P rodu i t s  dc l a  s y l v i c u l t u r e  e t  de 
1  ' e x p l o i t a t i o n  f o r e s t i e r e  
O3 I Produ i t s  de l a  pPche 041 I i t i ~ ~ i  I l c ,  l i g n i  t c  e t  agglomi.res 
042 1 Produl  t s  de coke fac t i on  
051 / P e t r o l e  b r u t  
052 Gaz nature1 
053 I Produi  t s  p e t r o l i e r s  r a f f i n e s  
9  1 06 1 i l e c t r i c i t e  d i s t r i b u e e  I 
10 1 07 ( Gaz d i s t r i b u e  I 
11 1 08 1 Eaux e t  chauffage u r b a i n  I 
12 1 09 1 Mineraisde f e r  I 
13 j 10 1 Produi  t s  s iderurg iques I 
Produ i t s  de l a  p remiere  t r a n s f o r -  
mat ion  de l ' a c i e r  
Minera is  non f e r reux  
Metaux non f e r r e u x  e t  d m i - p r o d u i t s  
17 1 14 1 Mineraux d i v e r s  I 
15 1 Mater iaux de c o n s t r u c t i o n  . 
19 16 1 $rodui?s de 1  ' i n d u s t r i e  du v e r r e  - I 
20 1 171 1 Produ i t s  de l a  ch imie  m ine ra le  I 
21  1 172 1 Produ i t s  de l a  ch imie  organ ique I 
22 1 18 1 Produ i t s  de l a  parach imie  I 
Produi  t s  phamaceut iques 
Produi  t s  des fonder ies  
P rodu i t s  du t r a v a i l  des metaux 
Machines a g r i c o l e s  
Machines o u t i l s  
Equipement i n d u s t r i e l  
Ma;teriel MTPS 
~ a ' t e r i e l  d 'amement 
Machines de bureau 
M a t e r i e l  e l e c t r i q u e  
Ma te r i e l  e l ec t ron ique  p ro fess ionne l  
Ma te r i e l  e l ec t ron ique  menager 
Equipcment menager 
Vehicules automobiles 
! :ater ie l  f e r o v i a i r e  r o u l a n t  
P rodu i t s  de l a  c o n s t r u c t i o n  navale 
P rodu i t s  de l a  c o n s t r u c t i o n  aeronau- 
t i q u e  
Instruments e t  m a t e r i e l  de p r e c i s i o n  
Viandes e t  conserves dc v iandes 1 42 1 36 1 L a l  t e t  p rodu i  t s  l a i  t i e r s  I 
1 43 37 Conserves 
I 44 / 30 1 Pain  e t  p a t i s s e r i e  / 45 39 1 Produl  t s  du t r a v a i l  du g r a i n  
. I 
1 46 1 401 I s  gras a l i m c n t a i r e s  
L- J 
I n t i  t u l e  des branches NO 
d 'o rd re  
AHAlS 
47 
48 
49 
50 
5  1  
52 
53 
54 
55 
- 56 
57 
58 
5  9  
60 
6  1  
62 
6  3  
64 
65 
66 
6  7  
68 
69 
70 
7  1  
7  2  
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
Sucre 
Autres p r o d u i t s  a l imen ta i r es  
Eioissons e t  a l coo l s  
P r o d u i t s  d base de tabac 
T i l s  e t  f i b r e  a r t i f i c i e l s  e t  synths- 
t iques  
F i l s  e t  f i l e s  
P rodu i t s  de l a  bonne te r i e  
Ouvrages en f i l e s  
NO 
591 
INSEE 
402 
403 
4  1  
42 
43 
441 
442 
443 
451 
452 
46 
4  7  
48 
49 
50 
5  1  
52 
5  3  
54 
5  5  
56 
57-4 
6  5  
66 
6  7  
6  8 
691 
692 
70 
7  1  
72 
73-4 
75 
76-9 
80 
811 
812 
82-3 
84 
85-7 
as 
89 
90-1 
92-3 
94-9 
Cu i r s  e t  peaux 
A r t i c l e s  en c u i r  
Chaussures 
A r t i c l e s  d ' hab i l l emen t  
Produi  t s  du  t r a v a i l  du b o i s  
Meubl es 
Papier, ca r t on  
Presse, impr imer ie ,  e d i t i o n  
Pneumatiques 
P rodu i t s  de l a  t r ans fo rma t i on  des 
mat ie res  p l as t i ques  
P rodu i t s  des i n d u s t r i e s  d iverses  
B I t i m e n t  e t  genie c i v i l  
Produ i  t s  de l a  r ecupe ra t i on  
Comnerces 
C m e r c e  e t  r e p a r a t i o n  automobiles 
Reparat ions d iverses  
Serv ice  des hb te l s  , cafes,  res  taurar 
Transports f e r r o v i a i r e s  
Transports r o u t i e r s  de marchandises 
Autres t r anspo r t s  t e r r e s t r e s  
Nav iga t i on  i n t e r i e u r e  
Transports n a r i  t imes 
Transports aer iens  i 
Serv ices  aux i  1  i a i r e s  de t r anspo r t  1 
Serv ices  de telecomnuni ca t ions  I I 
Services rendus p r i n c i p a l m e n t  aux 
en t rep r i ses  
Loca t i on  e t  c r e d i t - b a i l  m o b i l i e r  
Serv ice  du logement 
C r e d i t - b a i l  i m n o b i l i e r  
Services d'enseignement (marchands) 
Serv ices  de sante (marchands) 
Autres serv ices  marchands 
Scrv ices  d'assurances 
Services des organisnes f i n a n c i e r s  
Services d ' a d m i n i s t r a t i o n  generale 
Serv ice  d'enseignement (non marchand) 
Autres serv ices  non marchands 
Dans l e  cadre  de c e t t e  co!r.~nunication on p r 6 s c n t c r a  t o u t  d ' abord  
( a u  5 1) 13 s t r u c t u r e  e t  l e s  p l i inc ipa les  r c l a t i c n s  du modsle ;L\;AIS, e t  
on a p p r z c i c r n  e n s u i t e .  l a  f i a b i l i t z  dc ce modcle en a n a l y s a n t  ( a u  12) l e s  
p r i n c i p a u s  r e s u l t a t s  des  s i m u l a t i o n s  r 6 t r o s p e c t i v e s  dynamiques e f f e c t u 6 e s  
s u r  1973-1980. 
Dans s a  p remis re  v e r s i o n ,  t e l l e  que p r g s e n t s e  dans ce  p a p i e r ,  l e  
modsle ANAIS e s t  o p s r a t i o n n e l  depu is  j u i n  1981 e t  il a  s e r v i  d2s c e t t e  
d a t e  a e f f e c t u e r  des  p r 6 v i s i o n s  annse  p a r  ann62 3 un h o r i z o n  de 5 ans 
(1981-1986). On s e  propose t o u t e f o i s  au cours  des  deux procha ines  annses  
d 1 a m 6 l i o r e r  l e  modsle s u r  p l u s i e u r s  p o i n t s  (53) .  
1 - STRUCTURE GENEXALE ET PRINCIPBLES RELATIONS : 
Comme'indiqus c i -dessus  l e  modiile ANAIS 2 pour o b j e t  de p r o j e t e r ,  
pour  l 'bconomie f r a n s a i s e ,  l ' ensemble  du t a b l e a u  input-output  en 90 
b ranches  ; il v i s e  3 p r b v o i r  pour  chacune des  90 branches  l ' b v o l u t i o n  
de l a  demande i n t b r i e u r e  ( f i n a l e  ou i n t e r m b d i a i r e )  ou e x t b r i e u r e  
( e x p o r t a t i o n s )  a i n s i  que c e l l e  de l a  p r o d u c t i o n ,  
Dans s a  v e r s i o n  a c t u e l l e ,  l e  mod2le MIAIS e s t  t o u t e f o i s  un modlle 
p a r t i e l  : il p a r t  ( c f .  f i g u r e  1 )  d 'un c e r t a i n  nombre de r s s u l t a t s  
p r s v i s i o n n e l s  du mod2le MOGLI - un modzle 6conom6trique dynanique semi- 
g l o b a l  de  l 'bconomie f r a n s a i s e  c o n s t r u i t  p a r  l e  GAMA de 1974 8 -1978 ( I )  
q u i  c o n s t i t u e n t  d e s  JJentrbes ' J  du modsle ANAIS : revenu d i s p o n i b l e  d e s  
mbnages ; i n v e s t i s s e m e n t s  ( p r o d u c t i f s  e t  non p r o d u c t i f s )  d e s  d i f f g r e n t s  
a g e n t s  ; b v o l u t i o n  des  p r i x  3 un n iveau  s e m i ~ g l o b a l ,  La "demande b t r a n g s r e "  
e s t  bgalement une v a r i a b l e  exogsne du modl le ,  
La s t r u c t u r e  gGn6rale du rnodsle ANAIS e s t ,  dans c e s  c o n d i t i o n s ,  
donnge f i g u r e  1,  
P a r t a n t  d 'une a n a l y s e  de  l a  demande f i n a l e  e t  d e s  schanges e x t g r i e u r s  
p a r  p r o d u i t  d 'une  p a r t ,  e t  de l a  d s t e r m i n a t i o n  des  " c o e f f i c i e n t s  t echn iques"  
de demande i n t e r m g d i a i r e ,  l e  modsle ANAIS permet de c a l c u l e r  l a  
p roduc t ion  a u  niveau de  chacune dcs  90 branches  du modsle en t e n a n t  
compte de  11 in te rd6pendance  e n t r e  l a  p roduc t ion  e t  l a  demande q u i  
e x i s t e  e n t r e  l e s  d i f f s r e n t s  march&, 
( I ) ,  Sur  l e  modsle MOGLI, v o i r  COURBIS e t  a l .  (1978,1980).  
F I G U R E  1 
STRUCTURE E T  FONCTlONNEMENT DU MODELE A N A I S  
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( 1 )  1,; cnr.son:mnt ion t lcs  mfnac:es p a r  produi t (au nivcau d z t a i l l d  
dl; noli2lc :\:;.!IS) L S L  dCtcr:i:ir~(c. cn i o n c t i o i l  dl: 1:evcnu rc'ctl d i s l ; ~ r ~ i b l c  
(pr6sent  e t  pas sz ) ,  de l f 6 v o l u t i o n  des p r ix  2 l a  consommation, e t  d e  l a  
consommation a n t 6 r i e u r e  du produi t  considCr6. 
La foriaule re tenue  v a r i e  s e lon  l e s  branches : 
- pour l e s  b i ens  du rab le s ,  on a  u t i l i s 6  une approche du type 
HOUTWKER-TAY LOR ; 
- pour l e s  b iens  non du rab le s ,  on a expl iqu6 en g6n6ral l e  c o e f f i c i e n t  
budg6taire  correspondant.  Celui-ci  d6pend du p r i x  r e l a t i f  du produi t  
concern6 e t  des habi tudes de consommation ; 
- e n f i n  dans quelques c a s ,  on a  expl iqu6 directement l a  consommation 
en fonc t ion  du revenu G e l ,  des  habi tudes de consommation e t  des p r ix .  
(2) Les inves t i ssements  par  p rodu i t  sont  calculEs en p a r t a n t  de 
l a  donn6e des inves t i ssements  par  agent ( e n t r e p r i s e s ,  mgnages, 
admin i s t r a t i ons ,  organismes f i n a n c i e r s )  - dont 116volu t ion  e s t  pr6vue 
a l f a i d e  du modele MOGLI, Le t o t a l  des  invest issements  par  agent e s t  
d6compos6 par  produi t s u r  l a  base de c o e f f i c i e n t s  s t r u c t u r e  1s pro j  e t 6 s  
en fonc t ion  du temps a l f a i d e  de r e l a t i o n s  6cocom6triques appropriges.  
(3)  Les v a r i a t i o n s  de s tocks  par  produi t  sont  d6 temin6es  s u r  
l a  base d'une f o r n u l a t i o n  en termes de "stock o u t i l "  : 
oh:A S i t  = v a r i a t i o n  de s tocks  de p rodu i t s  i en volume pour l f ann6e  t ; 
Qit = product ion (en volume) de l a  branche i pour l f ann6e  t ,  
Pour achever de d6terminer l a  demande i n t 6 r i c u r e  t o t a l e ,  on ca l cu le  
a l o r s  l a  demande in te rm6dia i re  par  p rodu i t  e t  par  branche s u r  l a  base 
de "coe f f i c i en t s  techniques" qu i  son t  d6termin6s B l ' a i d e  de r e l a t i o n s  
temporelles dont l a  s p g c i f i c a t i o n  t o u t e f o i s  v a r i e  s e lon  l e s  c o e f f i c i e n t s .  
P a r  t o t a l i s a t i o n ,  on en d c d u i t  l c  t o t z l  d c  13 dcmnde  in term+ 
, . . .  d i n i r e  1)~:r i i r o c i ~ i t  c . t  p a r  cons2clucnt 1; ti, i . : . i : l , ' , 8  : : : L <  L . L ~ . L ! ~ . L  L O C . : ~ C .  1 1  
conv ien t  a l o r s  de p r g v o i r  1 'Gvolut ion des  Cch;!nl:cs c s  t G r i e u r s  : 
e x p o r t a t i o n s  e t  i m p o r t a t i o n s  p a r  p r o d u i t s .  Ccux-ci s o n t  dZterminGs 
2 l ' a i d c  de  "Eonctions d ' e x p o r t a t i o n "  e t  de "Eonctions d t i c ? o r t a t i o n "  : 
- -  l e s  e x p o r t a t i o n s  en volume s o n t  r e l i G c s  5 l a  clecande mondia le ,  
2 l a  demande i n t 6 r i e u r e  e t  au p r i x  r e l a t i f  2 l ' e x p o r t s t i o n  ( p a r  r a p p o r t  
aux p r i x  S t r a n g e r s )  ; 
- l e s  i m p o r t a t i o n s  p a r  p r c d u i t  son t  f o n c t i o n  de  l a  demande 
i n t g r i e u r e  (pondGrGe s e l o n  l e s  contenus  d ' i m p o r t a t i o n s  de chaque 
composante de  l a  demande i n t G r i e u r e )  e t  du p r i x  r e l a t i f  d e s  p r o d u i t s  
n a t i o n a u x  e t  d e s  p r o d u i t s  import&,  
Les " S q u i l i b r e s  emplois-ressources- ' l  p e r m e t t e n t  de dg te rminer  
a l o r s  l a  p r o d u c t i o n  compte t e n u  de  l a  demande t o t a l e  e t  d e s  Gchanges 
e x t G r i e u r s .  Pour  c e r t a i n e s  b r a n c h e s ,  l a  p roduc t ion  e s t  t o u t e f o i s  
supposGe exogzne : l ' a j u s t e m e n t  offre-demande s e  f a i t  a l o r s  s o i t  s u r  
l e s  s t o c k s ,  s o i t  s u r  l e s  Gchanges e x t g r i e u r s  ( e x p o r t a t i o n s  ou i m p o r t a t i o n s ) .  
La dernande Gtan t  au p r i x  d ' u t i l i s a t i o n  e t  h o r s  TVA r6cupSrable  
a l o r s  que l a  p r o d u c t i o n  e s t  aux p r i x  de  p r o d u c t i o n  h o r s  t a x e ,  c e c i  
n G c e s s i t e  t o u t e f o i s  de  dGterminer  Ggalement l e s  "marges commercialesU 
e t  l a  "TVA non rGcupSrable" : 
7 l e s  marges commerciales s o n t  ca lcu lGes  e n  f o n c t i o n  de l a  demande 
e t  de  t a w  d e  rnarge d i f f 6 r e n c i 6 s  p a r  ca tGgor ie  d ' u t i l i s a t e u r s  ; 
- l a  TVA non rGcup6rable  e s t  r e l i G e  5 l a  demande d e s  a g e n t s  q u i  ne  
peuvent  pas  r6cupGrer  l a  TVA ( e s s e n t i e l l e m e n t  l e s  MGnages e t  l e s  
Adminis t r a t  i .ons) , 
Les " taux de rnarge1' e t  " l e s  t a u x  de 'I'vH"(~) s o n t  dGtermin6s 
annGe p a r  annGe B l ' a i d e  de  r e l a t i o n s  GconomiStriques t e m p o r e l l e s  
s p 6 c i f i q u e s .  
(1)  Raisonn=xt  i c i  en volume, on cons idgre  que l a  l G g i s l a t i o n  e s t  
c o n s t a n t e  e t  que l e s  t a u x  i l ~ m e n t a i r e s  s o n t  ceux de 1 'annGe de 
base .  Mais compte t enu  d ' e f f e t s  d e  s t r u c t u r e ,  mGme au niveau de 
90 b r a n c h e s ,  l e s  t a u x  moyens a p p a r e n t s  de  TVA "en volume" v a r i e n t  
nganmoins. 
1.e ~ 3 1 ~ 1 1 1  1 ~ s  mnrges corn:.lcrcialc.s t , t  di, I:! 'I.!'., :?:%:I r;cup;'rablcs 
p e n ~ c t  d15 . c r i r e  compl~ tement  l e s  G q r ~ i l i b r c s  c rp!o i s - ressourccs  pa r  
b r o n c l l r ( ' ) ,  ce  q u i  p e w e t  dc c a l c u l c r  La pro~i i i c t i cn  (s.iu[ s i  c c l l c - c i -  
cf . supra-es t exogzne) : 
Product ion H.T. + Impor ta t ions  + D r o i t s  de douane s u r  i n p o r t a t i o n  + 
Tt'A non r6cupErab l e  + I-larges commerciales = Dcmar?dz i n t < r i e u r c  t o t  a l e  
( p r i s  d ' u t i l i s ~ t i o n  e t  ho r s  
1'VA rZcupSr3b l c )  
+ Var i a t i ons  de s t ocks  
+ Expor ta t ions .  
11 f a u t  t e n i r  compte t o u t e f o i s  de  l r i n t e rd6pendance  q u i ,  commc 
l e  montre l e  schdina g e n e r a l  du modsle ANAIS ( c f .  f i g u r e  . I ) ,  e x i s t e n t  
e n t r e  l e s  d i f f g r e x t e s  v a r i a b l e s  du modiiile. Pour resoudre  l e  modsle, on 
p o u r r a i t  thi5oriqucment p a r t i r  de  l ' i n v e r s i o n  de l a  ma t r i c e  de Leont ief  
mais compte t enu  de  l a  t a i l l e  de c e l l e - c i  (90 branches ) ,  on a  
p r d f e r e  adop t e r  une r e s o l u t i o n  p a r  i t e r a t i o n s .  Ce l le -c i  a  en o u t r e  
1 ' avantage de  ne  pas o b l i g e r  de  r end re  au p r d a l a b l e  "carr6e"  l a  ma t r i c e  
des  c o e f f i c i e n t s  t echn iques  q u i ,  dans l e  systsme f r a n q a i s ,  e s t  une 
m a t r i c e  r e c t a n g u l a i r e  ; e l l e  p e m e t  egalement de  t e n i r  compte f  aci lement  
des  a u t r e s  in te rdspendances  que c e l l e s  e x i s t a n t  au s e u l  n iveau des 
consommations i n t e r m e d i a i r e s  (notzmment c e l l e s  r e l a t i v e s  aux impor t a t i ons  
e t  aux s t o c k s ) ,  En f in ,  l e  cho ix  d 'une mdthode de r s s o l u t i o n  p a r  
i t e r a t i o n s  f a c i l i t e r a  l e s  amdl io ra t ions  que l ' o n  s e  propose d ' appo r t e r  
u l t s r i e u r e m e n t  au modiSle, 
Les a jus tements  6conomZtriques des  r e l a t i o n s  r e t enues  dans 
ANAIS o n t  6tZ e f f e c t u e s  s u r  l e s  donn6es de l a  CornptabilitL Nat iona le  
r e l a t i v e s  aux annees  1970-1 980 , sauf  en ce  q u i  concerne l a  consommation 
des menages pour l e s q u e l s  l e s  r e l a t i o n s  ont  6tG es t imdes s u r  1959-1980, 
L ' e s t ima t i on  e t  l a  g e s t i o n  du modOle ANAIS s o n t  e f f e c t u e e s  3 l ' a i d e  
d 'un l o g i c i e l  i n fo rma t ique  c o n s t r u i t  sp6cialement  par  l e  GAMA pour l e s  
beso ins  d'ANAIS, Ce l o g i c i e l  ( l e  l o g i c i e l  G E R I C  ( 2 ) )  a  en p a r t i c u l i e r  
1 ' avantage de pe rme t t r e  une r s e s t i m a t i o n  rap ide  , de c a r a c t s r e  semi? 
automat ique,  des  Zquations Zconom6triques dlANAIS. Mais une r 6 6 c r i t u r e  
( 1 )  En f a i t ,  i l  f a u t  Ggalement t e n i r  compte dc In product ion p a r  c e r t a i n e s  
branches  de "p rodu i t s  f a t a l s " ,  c r e s t  b d i r e  de ~ r o d u i t s  correspondant  
3 l r a c t i v i t G  d ' a u t r e s  branches .  
( 2 )  Ce i o g i c i e l  e s t  d f  2 H ~ c h  SOK, 
du projircln?i!lc clans l e  l o g i c i c l  SLIEIFOKI' s e r a  n z c c s s a i r e  s i  on v e u t  
i n t z g r e r  l c  not15le A?lAIS dnns l e  c a d r e  du systPinc mondicll de ~ a o d c l e s  
2 - RESULTATS RETROSPECTIFS : 
On t r o u v e r a  au t a b l e a u  2 l e s  r Z s u l t a t s  au n iveau  agr6g6 d e s  
s i m u l a t i o n s  r Z t r o s p e c t i v e s  e f f e c t u g e s  d e  mani5re dynainique avec  l e  
modZle LYAIS s u r  1973-1980. Les e r r e u r s  s u r  l a  consommation des  
msnages s o n t  f a i b l e s  (EAE: = 0,4 Z) mais il  f a u t  t o u t e f o i s  t e n i r  
compte d e  c e  que 1 ' Z v o l u t i o n  du revenu d i s p o n i b l e  rGe l  d e s  HGnages e s t ,  
dans  l a  v e r s i o n  a c t u e l l e  d ' m A I S ,  considZrZe c o m e  exogzne ( e t  
dt5terminZe p a r  l e  modzle MOGLI), P a r  c o n t r e  l ' e r r e u r  s u r  l e  n iveau  
t o t a l  des  v a r i a t i o n s  d e  s t o c k s  e s t  remarquablement f a i b l e  p a r  
r a p p o r t  3 c e l l e  que l ' o n  t r o u v e  gZnGralement pour l e s  s t o c k s  dans 
l e s  mod5les ZconomZtriques agrGg6s ou s e m i - g l ~ b a u x .  Les e r r e u r s  
s u r  l e s  Zchanges e x t g r i e u r s ,  s o n t  t o u t e f o i s  p l u s  ZlevGes, s u r t o u t  
en  ce  q u i  concerne  l e s  i m p o r t a t i o n s .  
TABLEAU 2 
S i m u l a t i o n s  dynamiques r Z t r o s p e c t i v e s  -1373-1980 avec  l e  
modzle ANAIS ; 
- E r r e u r  a b s o l u e  moyenne (EAM) 
V a r i a b l e s  
Consommation d e s  mZnages (en volume) 
E x p o r t a t i o n s  ( e n  volume) 
I m p o r t a t i o n s  (en  volume) 
V a r i a t i o n s  d e  s t o c k s  (en volume aux p r i x  
1970) 
P r o d u i t  i n t G r i e u r  b r u t  (PIB) en volume 
PIB marchand 
0 , 4  % 
1,5 % 
3 % 
5 , l  M i l l i a r d s  d e  F r s ,  
0 , 5  X 
0 , 6  % 
t o , t i l l Y  ciu f a i t  des C O I : I ~ C ~ ~ S L L  ~L~II..;, L ' c r r c i ~ r  .:ir:.t,lilc I:,'> C:IIIC 
s u r  l c  I'LL1 t o c a i  ou L C  PILj c~arch;irlu e n  volur:ic a;ll,;,r.Lii[ l i ~ i i ~ i c  : 
respcc t ivcment  0.5 e t  0 , 6  Z. 
En c e  q u i  concerne  l e s  r G s u l t a t s ,  au n i v c m  d 2 t a i l l Z  dcs  90 
b r a n c h e s ,  on t r o u v e r a  au  t a b l e a u  3 l ' e r r e u r  ~ b s u l u c .  moycnne pour 
l a  p r o d u c t i o n  en volums p a r  branche pour l a  s i n u l n t i o n  r Z t r o s p c c t i v e  
1973- 1980. Les e r r e u r s  s o n t  dans  l 'ensernble l i r , l i t i ;es ,  mais e l l e s  s o n t  
nGanrnoins 6 l e v 6 e s  pour  p l u s i e u r s  b ranches .  Pour  d e s  b ranches  c o m e  
"Minerai  d e  f e r "  e t  "sucre"  ob l e s  e r r e u r s  sonc p a r t i c u l i 2 r e n c n t  
f o r t e s ,  c e c i  s ' e x p l i q u e  p a r  l e  f a i t  que La p r o d u c t i o n  n ' e s t  en f a i t  
g u h e  d6termin6e dans  c e  c a s  p a r  l a  demande ; en c o ~ s 6 q u e n c e  on s e  
propose  d e  c o n s i d 6 r e r  l a  p r o d u c t i o n  de c e s  branches  comne esogsnes  : 
on s o l d e r a i t  a l o r s  s u r  les i m p o r t a t i o n s  ( m i n e r a i  d e  f e r )  ou s u r  l e s  
e x p o r t a t i o n s  e t  l e s  s t o c k s  ( s u c r e ) ,  
Une a n a l y s e  p l u s  d S t a i l l 6 e  d e s  e r r e u r s  r e s t e  t o u t e f o i s  3 f a i r e  : 
les enseignements  q u ' e l l e  d e v r a i t  donner  s e r o n t  s u s c e p t i b l e s  
d ' o r i e n t e r  l e s  amGl io ra t ions  a a p p o r t e r  au  modele,  ' 
Dans s a  v e r s i o n  a c t u e l l e ?  l e  modZle ANAIS ne  c o n s t i t u e  qu'une 
p remie re  v e r s i o n  que l ' o n  s e  propose  d1am61iorer  p rogress ivement ,  en  
p a r t i c u l i e r  en c e  q u i  concerne  : 
- l e s  p r i x ,  Ceux-ci s o n t  d6termin6.s a c t u e l l e m e n t  (3 p a r t i r  
d l e x t r a p o l a t i o n s  d e  p r i x  r e l a t i f s )  d ' i n d i c e s  d e  p r i x  agrgg6s  don t  
1 1 6 v o l u t i o n  e s t  prSvue a v e c  l e  modele MOGLI, On s e  p ropose  d1endog6n6ise r  
d  emande 
v g r i t a b l e m e n t  l a  d s t e r m i n a t i o n  d e s  p r i x  d e  p r o d u c t i o n  mais  c e c i l a u  
p r 6 a l a b l e  que s o i t  a n a l y s 6 e  d a n s  AllAIS l l G v o l u t  ion  d e s  c o c t s  u n i t a i r e s  
d e  p r o d u c t i o n  ; 
- l ' e m p l o i .  L 1 6 v o l u t i o n  d e  l ' e m p l o i  n ' e s t  a c t u e l l e m e n t  pas  
a n a l y s e e  dans  AHAIS mais c e l l e - c i  e s t  i n d i s p e n s a b l e  s i  on v e u t  
prGvoir  l l ~ v o l u t i o n  d e s  c o d t s  u n i t a i r e s  d e  p r o d u c t i o n  d o n t  une 
composante impor tan te  e s t  c o n s t i t u k p a r  l e s  c h a r g e s  s a l a r i a l e s ,  On s e  
propose  donc en premier  d1endogEn6ise r  l ' e m p l o i  p a r  branche dans  
ANAIS mais  pour d e s ' r a i s o n s  s t a t i s t i q u e s  c e c i  ne pour ra  2 t r e  f a i t  
(du moins au d e p a r t )  qu ' au  n iveau  p l u s  agr6gG d e  40 b ranches  ; 
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- l c s  rcvcnus .  L'cndo::CnCisat ion dc! l ' e ~ i l p l o i  cl .~ns IZ?<~\IS 
--- 
p e r m e t t r a  d c  d z t c r m i n e r  f ~ l c i l e n ~ e n t  (con~pte  tcnu d c  l a  dynamique 
ties s i l i a i r c s  uumin;l-ux par t s t e )  l c s  s ; l l s i r c s  v c r s 2 s  p d r  bbr~ic!~c 
(du rnoins au  n ivcau  d e  13 nomencla ture  40) .  I1 c o n v i e n J r a  a l o r s  
d ' a n a l y s e r ,  au  moins en que lques  composantes,  l e s  a u t r e s  r svenus  
l e s  mznages pour c a l c u l e r  l e u r  revcnu t o t a l  e t  l e u r  revenu 
d i s p o n i b l e .  Cec i  p e r m e t t r a i t  d e  t e n i r  compte du bouclage i r n p o r ~ a n t  
q u i  e x i s t e  p a r  1 1 i n t e r m 6 d i a i r e  d e s  r e v e n u s ,  
U l t g r i e u r e m e n t ,  l a  d g t e r m i n a t i o n  d e s  i n v e s t i s s e m e n t s  t o t a u x  
p a r  agen t  p o u r r a i t  Z t r e  f a i t e  dans  ANAIS. Pour  l e s  i n v e s t i s s e m e n t s  
p r o d u c t i f s , e l l e  s e r a i t  f a i t e  a u  n iveau  d e s  b ranches  c e  q u i  p e r m e t t r a i t  
d e  p rcndre  a l o r s  en  compte l ' i n c i d e n c e  d e s  . " e f f e t s  d ' o f f r e "  au 
n iveau  d e s  c a p a c i t g s  d e  p roduc t ion  d i s p o n i b l e s ,  
Ces a r n 6 l i o r a t i o n s  d e v r a i e n t  S t r e  f a i t e s  p rogress ivement  
en  1982-1983 mais  d ' o r e s  e t  d P j 3 ,  malgre  s e s  l i m i t e s ,  l a  v e r s i o n  
a c t u e l l e  dVANAIS q u i  e s t  o p g r a t i o n n e l l e  d e p u i s  j u i n  1981 p e u t  Z t r e  
u t i l i s g e  (en  l i a i s o n  avec  l e  modPle MOGLI), 
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E.I. INFORUM MODEL FOR BULGARIA - 
ADJUSTMENT PROBLEYS AND SOME RESULTS 
A. Dimitrov 
INTRODUCTION 
Since  t h e  beginning of 1980 The Econoznic I n s t i t u t e  of t h e  &l- 
g a r i a n  ~cademy of Sc iences  began: t o  work o n  t h e  a d j u s t z e n t ,  expe - 
rimenking and development of t h e  IXFORUbi m u l t i s e c t o r a l  macroecono- 
mic model f o r  economic growth. Tfie t a s k  of t h e  t e a  &as j o i x t l y  
w i t h  t h e  I n t e r u a t l o n a l  I n s t i t u t e  f o r  Applfed System Bnalys is  t o  
s tudy t h e  I D O R ~ I  model and t o  f i n d  out p o s s i b i l i t i e s  f o r  i t s  ap- 
plic.ati .on i n  t h e  c .ondi t ions of our country. The c0ncret.e r e s u l t s  
obta ined  znd t h e  methodology descr ibed ,  t h e  c.omputer s o f t ~ s r e  a d  
t h e  rec.omnendations g i v e n  f o r  t h e  f n r t h e r  development a d  expan- 
s i o n  of i t s  scope, a r e  s u p p s 9 d  t o  be pcrt at. t h s  d i s g o s a l  of  t h e  
S t a t e  Planning Uommitt.ee and t o  be u s e f u l  i n  zlaking out n e d i m -  
tern. pers2ectLve fo rep lans .  
A Cescr ip t ion  of a longer-term v a r i a n t  of t b e  11E0R'cT;~i j u s t -  
ment w a s  presented t o  I I M A  i n  u'anuary t h i s  ye=. The g r e sen t  re -  
p o r t  covers t h e  r e s u l t s  of t he se  a c t i ~ ~ i t i e s  of t h e  Economic I n s t i t c  
t e  wi th  completion term - end of L98I . Prel iminary  r e s u l t s  of 
t h e  IUZ'ORU31 model use wi th  Bulgar ian  da t  a were obtained a p ar 
q0,. TLese t "S t9 ,  the f i rs t  f o r  O W  ~ 0 l m t W  proved 
w e f u l  because they  showed t h e  nece s s i t y  of a l a r g e  a d  profound 
pre l iminary  s tudy  of 1 5 3 3 R b Z  =d t h e  p a r t i c u l ~ ~ i t i e s  a d  d i f f e r e n c e s  
of t h e  s o c i a l i s t  economy. This brought t o  s t u d i e s  and eva lua t ions  
of  g iven  spheres  of t h e  economy a d  i nd i v i dua l  s e c t o r s  and t o  f o r e -  
c a s t s  p repara t ion  . 'I'hese were e s s e n t i a l l y  t h e  f i n a l  den& elerneats, 
previous ly  examined independently,  i r r e s p e c t i v e l y  o f  I K F O 2 U I 3  model 
as a whole. 
Tbis y w  sub jec t  t o  nur r e s ea r ch  were personal  consumption, 
c a p i t a l  investment p rocess ,  foreign trade sector, changes i n  t h e  
t e c h n i c c l  c o e f f i c i s n t s  of matrix A and t h e  ~ m p u t e r  program f o r  
cad?' sphere i a d i v i d u ~ l y  and of t h e  model as a whole. The problems 
which arose i n  t h e s e  f i e l d s  and some p r e l i m h a z y  r e s u l t s  are t h e  m a  i n  
contents  of t h e  p r e s e n t  r e p o r t .  The f i n a l  and complete ~ a r i a n t  of 
t he s e  r e s e a r c h  a c t i v i t i e s  and t h e i r  r e s d t s  a re  to be f i n i s h e d  by t h e  
end of I98Iand followed by a d i s cus s i on  i n  t h e  S c i e n t i f i c  Council of  
t h e  Eco nomic I n s t i t u t e  of t h e  Bulgarian Academy of Sciences.  S o u  
problems a r e  s u b j e c t  t o  an wider s tudy and p re sen t z t i on  and w i l l  be 
t r e a t e d  i n  o t h e r  ?apers  and r e p o r t s  which z e  uader way. 
The in i t ia l  v a r i a n t  of t h e  r e s ea r ch  i s  done on a 25 s e c t o r s  
nomenclature. These are  t h e  subsectors  of t h e  i n d u s t r y  and t h e  b a s i c  
s e c t o r s  of t h e  coun t ry ' s  m a t e r i a l  production . The main i n p u t  d a t a  
used i s  t h e  i npu t -ou tpu t  ba lance  of P z o p l e t s  Republ ic  o f  S u l g a z i a  
f o r  each  y e a r  of t h e  p e r i o d  1971-1979. F o r e c a s t s  a r e  being made f o r  
1980-1990, as w e l l  as f o r  each  y e a r  o f  t h e  per iod .  Accodng  t o  t h e  
p a r t i c u l a r i t i e s  o f  t h e  d i f f e r e n t  s p h e r e s  o t h e r  i n f o r m a t i o n  as w e l l  
as data f o r  a l o n g e r  2 e r i o d  of  t ime  i s  made u s e  o f .  
The f i n a l  demand1 s element wConsmptiorzft i s  r e p r e s e n t e d  i n  
t h e  3 u l g a i a n  S t a t i s t : i c s  as a sum of flconsuinption of t h e  
popula t ion l land"o ther  t y p e s  o f  c o n s w p t i o n  l l .  T h e i r  v a l u e s  h m e  
t o  be f o r e c a k t e d  f o r  t h e  p e r i o d  I 9 8 1  - 1990. Both e lements  o f  
tlConsumptionll embrace a 25  s e c t o r s  s t r u c t u r e  o f  t h e  n a t i o n a l  eco- 
The f o r e c a s t  o f  v e c t o r s  "Consumption of t h e  p o p u l a t i o a w  and 
"Other t y p e s  o f  c . ~ n s u m p t i o n ~ ~  i s  done i n  two d i r e c t i o n s  u s i n g  two 
d i f f e r e n t  approaches.  T h i s  makes a comparative s t u d y  of  t h e  r e s u l t s  
ob t a ined  by t h e  two approaches  p o s s i b l e  and t h e  choice  o f  t h e  b e t t e r  
one / accord ing  t o  s e t  c r i t e r i a  / and thus  e n r i c h i n g  c .ons iderab ly  
t h e  r e t r o s p e c t i v e  U y s e s  o f  t h e  s t u d i e d  p r o c e s s e s ,  In a way the 
methods a p p l i e d  a r e  mu tua l ly  comglimentary bne t o  ano the r ,  because 
t h e  first r e f l e c t s  t h e  change o f  t h e  s e g a z a t e  c o m ~ o n e n t s  / s e c t o r s /  
i n  t ime and t h e  second t h e  change o f  t h e  c:onsumption. d e m a d  of  g iven  
commodities znd commodities g r o q s ,  aggregated t o  t h e  l e v e l  o f  s ec -  
lzors. The desaggregation o f  t h e  s e c t o r s  i n  r e s p e c t i v e  c o m o d i t i e s  
and commodities g r o q s  and t h e i r  examina t ion  by means o f  a t y p e  of 
consumption f u n c t i o n s  a f f o r d s  t he .  a n a l y s i s  o f  t h e  consunpt ion  de- 
nand depending on t h e  income and t h e  p r i c e s  i p e r n a n e n t  o r  current /  
And at the  same time being defined by t h e  reverse  process / aggre- 
ga t ion  of the  respec t ive  commodities and comod i t i e s  g r o u p  ' i n t o  
- sec to r s /  t he  consumption of t he  gopulat ion by sec to r s  o f  t h e  s a t e -  
rial sphere a ~ d  t he  indust ry .  Due t o  t h e  f a c t  t h a t  t h i s  sethod r e f -  
l e c t s  only t h e  dependence of the  consumption on t h e  income and t n e  
p r i c e s  it i s  applicable so l e ly  t o  v e c t o r f l C o n s ~ p t i o n  of t h e  p o p u l ~ -  
t ion" . 
According the  first  method t h e  exainination of t h e  general  de- 
velopment t e n d w i e s  and t h e  respec t ive  t rend ex t rapo ls t ion  i s  
ef fec ted  i n  s ec to r s , - i . e .  t h e  vectors  mConsumgtion of t he  popula- 
t i on"  and :other types of consumtion" are  andyzed and for.ecasted 
f o r  each s e c t o r  ind iv idua l ly .  There i s  a  t o t a l  volume f o r e c a s t  f o r  
each vec tor  as well  and t h e  r e s u l t s  obtained a e  compared t o  t h e  
sum of t h e  forecas ted v o l w s  of t h e  ind iv idua l  s ec to r s .  The l e r g t h  
of the  dynamic. rows t e s t e d  i s  9 years / s ince  I971 till I979 /. Tke 
analys is  of t he  dynamics and the  corresponding ex t r apo la t i on  i s  
done by means of four  s i n g l e  development models d i f f e r en t  i n  type 
linear function, second degree non-linear function, linear-semi- 
logarithmic function and second degree semi-loqarithmic function 
which enables the choice of the one describing best the process 
under examination for each sector. 
The following r e s u l t s  were obtained f o r  nConsum@on o f  the po?u 
la t lonl '  f o r  I980 - 1990.Averqe vlnual growth r z t e s  f o r  : E l e c t r i -  
c a l  energy - about 596, B a c ? e b u i l d i n g  and metalworking i n d u s t q  - 
- about 6%, nhenical  indus t ry  -4,5;6, Food and tobacco indus t ry  -5, ;.- 
Crop-growing - 2 , 5 %  and Stock-breeding -3,096 . The t o t a l  v o l m s  6;' 
"Consumption of t he  population" w i l l  develop wi th  about 4% a d  tt- 
summed volume a l s o  with about 4%. 
I n  r e s p e c t  t o  " O t h e r  types  of consumptioctt v e c t o r  t h e  r e s u l t s  
of  t h e  f o r e c a s t  a re  as fol lows:  E l e c t r i c a l  energy - 2,4%,lYac&?- 
bu i ld ing  and Metalworking i n d u s t r y  T 2,4%,Chemical i n d u s t r y  - 2% 
Crop-growing -2,6% and t h e  same percentage f o r  Stock-breeding . 
The f o r e c a s t e d  t o t a l  volumes a r e  v e r y  c lose  -4,2D f o r  t h e  t o t d  
volume and 4,7B f o r  t h e  s u m ~ e d  one. 
Besides t h e  abovementioned method for .  d i r e c t  consumption f o r % -  
c a s t  by s e c t o r s ,  one i n d i r e c t  method t o  f o r e c a s t  n C o n s u p t i o n  of 
t h e  populatiout '  w a s  a l s o  used. I t  w a s  based on a system of  consszz- 
t i o n  func t ions .  The essellce of  t h i s  method i s  i n  t h e  construct.i== 
/ o n  t h e  b a s i s  of consumption r e a l  d a t a  and p r i c e s  i n d i c e s  / of 
some dependencies of t h e  consumption on t h e  r e t a i l  p r i c e s  a d  t h e  
income and t h e  conslmption f o r e c a s t  on this ground as a f u n c t i o n  
of  t h e  f o r e c a s t s  of  t h e  r e t a i l  p r i c e s  i n d i c e s  aad t h e  incone. 
For  t h e  r e a k a t i o n  13f t h e  second method, s t a r t i n g  from t h e  
system of  colrsumgtion f u n c t i o n s  LI,2$ suggested by prof .C.Almn a d  
appl ied  and on t h e  ground o the r  types  or' known 
s u p t i o n  f u n c t i o n s ,  we have developed and t e s t e d  a system of  h i e r a - -  
c h i c a l  consumption functions,  These are distinguished 
from Almon1s func t ions  by t h e  way of t h e  p r i c e s  i n d i c e s  aggreg&tion.  
I n  Almont s func t ions  t h e  p r i c e s  i n d i c e s  i r r e s ~ e c t i v e  of t h e  v a l s e s  
elasticities a r e  q g x s g a t e d  only m u l t i p l i c & t i v e l y .  
One may prove t h a t  accep t ing  a more g e n e r d  form of aggrega t ion  
o f  t h e  p r i c e s  i n d i c e s  aliows on one s i d e  t h e  consumption f u n c t i o n s  
t o  meet U m n 1 s  requirements ,  at l e a s t  i n  t h e  degree s a t i s f y i q  them 
as C .  Alrnon's func t ions  and i n  soue addi t . ional  c o n d i t i o x  even t.0 
a great21 degree.On another  s i d e  our way of  a_greg&tion &fords a 
m r e  a a t u r a l  t r a n s i t i o n  between t h e  consungtion func t ions ,  meeting 
the wall-known neo-classic requirements t o  t he  Consusption choice  
Theory/ t h e  main one being t h a t  t he  consumption functions a r e  t o  be 
engendered by t he  extreaum problem solut ions  f o r  maxinization o l  
given prefererrce funct ions  a t  incomes' const ra ints .  
A t  t h i s  s t q e  of t he  research a methodology f o r  the parameters 
est imation of the  consumption functions :system w a s  developed 
at cord i t i on  based on the  mult iple use of t he  l e a s t  squ.are mathod 
/LSM/ , parameters est imation programs a d  consumption forecas t  
according t o  these  funct ions .  Tne necesssry r e a l  d a t a  f o r  t he  pe- 
e 
r i o d  1960 -1980 was col lec ted  and conputed with respect  t o  consnp-  
t i o n  and the  pr ices  f o r  60 basic goods groups aggregated i n t o '  four. 
l eve l s .   he-dynamic r o w s  of t he  incdme and the  pr ices  till 1990 
were forecasted.  &y m e a s  of t he  above prograss a p a r m e t e r s '  est3.z 
t i o n  f o r  t he  d i f f e ren t  repor t .  subperiods i s  being done.Une has t o  
f o r e c a t  now Che consumption. and the  consumption functions and t h e  
aggregation t o  t he  l e v e l  of sectors .  
There are  some methodological and information d i f f i c u l t i e s  
connected w i t h  : the d e f i n i t i o n  of some o f  the  pr ices  ind ices ,  t h e  
d i f fe rences  i n  t he  demand t h e  consumption i n  periods o f  tempo- 
rary shortage of some goods, t he  evaluat ion of t he  parzmeters i n  
more s ign i f i can t  changes of t he  nominal r e t a i l  p r i ce s  and the  inco- 
mes, t he  t r a n s i t i o n  f rom.  fo recas t s  by comnodities goups t.o fore-  
c a s t s  by sec to r s  / due t o  the  a v a i l a b i l i t y  o f  a double p r i ce  systez. 
r e t a i l  and wholesale p r l ce s  / e t c ,  which are na tu ra l  f o r  this t m e  
of research and consumption forecas t .  
It i s  of i n t e r e s t  t o  r e a l i z e  the  xore general  form o f  t he  
ana tmpt ion  functions system but it aeeds a grea t  vrolume of 
i n f  ormztion f r o m  the  budgets i n  order t o  the  
a l t e r a t i o m  income influence over the  con~u-g t ion .  
The f o r e c a s t  of t h e  - volume of t he .  c sp i t . a l  imrestaent-s  g e n e r a l l y  
s t r u c t u r e  e f f  ec'ted f o r  t h e  whole 
economy by s e c t o r s  of  t h e  mater ia l '  sphere and by i a d u s t r y l  s s e c t o r s .  
What i s  not included however i s  the  de terminat ion  of the ' expend i -  
t u r e  f o r  g ene ra l  overhaul  and =jar expenditure-s as f o r  geo log i ca l  
r e sea rch ,  f o r  t h e  f o r a a t i o n  of bas ic  herCs, experd i tu res  f o r  nor-  
mative, r e s e a r c h  and o t h e r  work of expesinent.al  na tu re .  The r e a l  
d a t a  by types  or" c a p i t  a1 expendikure do n o t  show a gitlen t eadency 
and t h e i r  r e spec t i ve  equat ions  have a very  h igh  v a r i a t i o n  c o e f f i -  
c i e n t .  
To d e f i ne  t h e  c a p i t a l  investments volume i n  pe r spec t ive  d i f f e r e z t  
methods and models a r e  used. The d a t a  f o r  all i n d i c e s  i n c l u d e d  
i n  the. models a r e  f o r  t h e  per i3d  1960-1979(1980) . 
The i n c r ea se  of  t h e  c a p i t a l  investments  volume f o r  t h e  peri.od 
1960-1980 i s  not rhythmical  i n  i t s  va r i a t i ons .  One can d i f f e r e n -  
t i a t e  two sub-periods 1960-1969 and 1970-1979/1980/ .It i s  p o s s i b l e  
to  divide '  t h e  second subperiod t g  another. two subperiods : f rom 
1970 tul I975 and from 1976 till L980.No mat te r  what t h e  a l t e r a -  
t l o n s  a re ,  t h e  aversge h ighes t  a l t e r a t i o n s  rat .es  a re  detached i n  
t h e  second subp'eriod, and' t h e  lowest - dtrring t h e  first one. The 
ge n e r a l  tendency f o r  a gradua l  decrease of t h e  re lz i t ive  r a t e s  i s  
c h a r a c t e r i s t i c .  
The o r i g i n a l  modeh f o r  t h e  d e f i n i t i o n  of  t h e  c z p i t a l  i n a e s t -  
meats volume are t h e  s i n g l e  development models .mere a l so  t h e  a fo r e  
s a i d  four  d i f f e r e ~ t  models a r e  used.For a p a r t i a l  parameters sta- 
b i l i t y  t e s t  all equat ions a re  computed f o u r  t imes  : f o r  a l l  " )? I' 
memlxrs / k  = 1960,1961,. . . ,1980 /o f  t h e  dynamic rows, and a l so  f o r  
t h e  f i r s t  a d  second subperiods a d  f o r  f i  -2 members.The compaca- 
t i v e  parameters es t imat ions  o i  tho  equatioris i n  all t h e  f ou r  c a e s  
lead t o  some c.onclusions and give an i.dea about: the  d i r ec t ions  
and the  rat.es o f  t h e i r  d.terations. The. t o t a l  c a p i t a l  investments 
volune f o r  all the  nat=-on& economy, by sec tors  and by indus t ry ' s  
s ec to r s  i s  defined by neans o f  the  equations .The number o f  the  sec -  
t o r s  i s  22. Sirnultansously the  rolume of the  c a p i t a l  investments 
f o r  all t he  na t iona l  economy i s  obtained also as a sum o f  the  ca- 
p i t a l  investments volumes by i t s  sec tors .  The comparison o f  t h e  
estimated and the  s m e d  value i s  an index f o r  t he  choice. of  t h e  
models chosen, An analogical  comparison i s  being done fox s e c t o r  
"Industryn too.  
Trend equations are used too f o r  t h e  d e f i n i t i o n  o f  t h e  c a p i t a l  
investmenks volume by t h e i r  technological  s t ruc tu re  /machines and 
equipment and co lu t ruc t ion  and assembly works / f o r  t h e  same sec- 
t o r s  and f o r  t h e  whole na t iona l  economy. 
The regress ion  type of models i s  t he  following type used t o  
forecas t  the  c a p i t a l  i nves tmees  volume. 
Original ly  independent ~ a r i  able at the  d e f i n i t i o n  of t h e  
c a p i t a l  investments ~ o l u m e  by sec to r s  of the  mzter ia l  sphere a r e  
t h e  c a p i t a l  investments f o r  the  whole na t iona l  economy. A t  t he  
same time f o r  t he  sec to r s  o f  the  industry  the  independent va r i ab le  
i s  t he  c a g i t a l  investmznt o f  sectornIndustryn . Here a l s o  i t  i s  
possible  t o  compare one and the  same quantiky computed d i f f e r e n t l y .  
Since c a p i t a l  investmeats represent  tha s e a s  of / productisz/  - 
t~Accumulation't a ~ d  aaor t izat ioa ,  then. the d e f i n i t i o n  of t h e i r  voluze 
f o r  the  whole na t iona l  economy i n  a  regression model i s  ef3ec teb  
considering them as independent var iables .  
The volume o f  the  t o t a l  gorss product znd the  na t iona l  incoae 
i n  a given period depend on the  sca l e  o f  the production. This depezl- 
dence r e f l e c t s  the  i n d i r e c t  illfluence o f  the  c a p i t a l  imestrrieaJcs 
over the  gross  product ' s  s i z e  a d  the  na t iona l  income. The mult i-  
l a t e r a l  connection of - the  s o c i a l  proOuctionts developmsnt witn t he  
c a p i t a l  investment 's  s i z a  and s t r u c t u r e  def ines  then as a f z c t o r  
of a  pa rano - i t  i n p o r t a c e .  Through t h e  c z p i t a l  i n - r e s tma t s  the  use 
of the  w a i l a b l e  a s se t s  i s  improved aad new ones zre crezted 
which inf luences  d i z e c t l y  the  gross product ' s  voluae increase  a d  
t h a t  of t he  na t iona l  incornets s i ze .  - 
The i n t e r a c t i o n  among t h e  c a p i t a l  i n ~ e s t m e n t s ,  t he  nat ion& 
income and t h e  gross product i s  import'aht. Yhe na t iona l  income i o  
t h e  source f o r  c a p i t a l  investments and there fore  i t s  s i z e  a f f e c t s  
t h e i r s .  'llhia connection demands a de ta i l ed  study of t h e i r  i n t e r -  
action.That i s  why regress ion  type equations are used f o r  t h e  na- 
t i o n a l  economy's s e c t o r s  where t h e  independent va r i ab l e  i s  the  
c a p i t a l  investment; and t h e  va r i ab l e  one - t he  na t iona l  pro- 
d u c t ' s  growth and t h e  feed back. For all sec to r s  a' two year 1% 
was accwnula&d bezring i n  mind t h a t  t h e  c z p i t a l  investments o f  
t h e  current  year  /t/ are  meant f o r  the  completior! of t he  cons- 
t r u c t i o n  of th is  y e a  , t o  go on wi th  i t  i n  t he  c u r ~ e n t  year  a d  
t h e  beginning o f  a new const ruct ion during the  same period. There- 
Sore i n  case of a c a p i t a l  i n ~ e s t m e n t s  lag , i n  t .-th year  t h e  
~ o n ~ t r u ~ t l o ~  s a r t e d  i n  it- : ) - t h  year  w i l l  be done, construc.t.ion. 
I 
s t - a r t e d  i n  (~-T+I,' , (t-G2:, . . ,$- l,,! years w i l l  continue a d  C C C S ~  X C -  
t i o n  which i s  t o  be f in i shed  i n  t, Q+q, ..., (t+ Q -1,'year and a 
const ruct ion was s t a r t e d  i n  the  sane year  which i s  t o  'ce complete,= 
i n  ( t + q - t h  year  . The following type of l i n e a r  dependences were 
us.ed : 
- 
'ti - a ~ i  + ali(X(t-lli-X(t-2)i) + aai ('(t-2)i - X (t-3)i 
and 
..liere 4 i s  the gross  p roduc t t s  growth zt t he  respec t ive  i - t h  
32ctor of the  year  t ; 
Yti -the net  output o f  t h e  i - t h .  sec tor  T o r  t - t h  gear  ; 
The d i s t r i b u t i o n  o f  t h e  c a p i t a l  i n ~ e s t n e n t s  lagging a l l a . ca t io r  
during t h r e e  gears  i s  modelled i n  the  following e q ~ a t i o n  :
, AKti  ' + %'ti + ~2i'(t-1)1 + ?il( t . -2)i  
It expresses t h e  c a p i t a l  investments e f f e c t  oKer t h e  gr.owth of t h e  
main a s se t s  due t o  them / b K u  / . 
There i s  t h e  feed back as w e l l  but i.t wii-! r e f l e c t .  t h e  cons- 
tat e f f e c t  of t he  main a s s e t s  put i n t o  a c t i o z  t o  t h e  augmentation 
of t h e  cap i t . a l  investments ~ o l u m e .  
P ina l ly  i n  o r d e r  t o  f i x  t he  c a p i t a l  investmezlts voJur;re one h a  
t o  proceed f r o m  t h e  output r a t i o  and the  temporary lzig between t h e  
/ 
t o t a l  ou tpu t ' s  growth and the  investments a l located t o  it. 
Since c a p i t a l  inres tments  r ep re sen t  a $urn o f  t h e  worn out 
main a s se t s  neans f o r  r e s t o r a t i o n  and the  expenditures f o r  t h e i r  
expansion, one def ines  t h e i r  volume by the  following model' : 
where ki is the capital output ratio coefficient at the i-th sector. 
T 
Zi - renewals assets norm, W j i  - lag coefficients 
LWji = I j=1 
If one assumes t h a t  the. replaceaent  i s  p r o g o r t i o n d  t o  t h e  
main a s se t s ,  and they are  i n  proportion. with t h e  smooth quantity 
- 
' j t i  then t h e  renewal w i l l  be i n  proport ion with t he  smooth ~ Z k y -  
t i t g  output .It i s  defined by the  equztion 
. where Xti 1 3  the  output quanti ty of the  invest ing sec to r s  ;i foz  
the  i - t h  sector .  A two years l a g  i s  used. To make the  sum o f  
'~i * '3i and Wzi equal t o  one, we assume * 2i = 3 - Yoi -Wli . Xnen 
replacing this expression. f o r  Ifzi i n  the  equation f o r  Ti a regre-  
s s i o n  m e  o f  equation i s  obtained : 
By means of this regress ion t h r e e  parsmeters ki ,Ki W KiWIi a r e  
estimat.ed. Ii i s  forkaasted by means o f  the  equa l i ty  kiWZi=Ki- x . i u  1 a.i 
The negative values f o r  Wji ( j=O,.I,2 ) are s e t  t o  zero. 
For .ouz country the oukput. quanti ty by sec to r s  increases  and 
usua lg  the  f i r s t  differences  are poeiUve but f o r  t he  cases when 
this i s  not so x is  defined by the equal i ty  YIgG0 
= '1960 * 
0.95 ( t - i )  i] 
2hese dependences ensure non-negative values f o r  t he  c a p i t a l  
imes tments  when t he  output ' s  volume i s  decreased a n d  t he  reconstrzc- 
t i o n  o f  the  machines a d '  the  equipment a t  t he  e q e n s e  o f  the czgi- 
t.a.1 inmastmeats i n  c.ase the  sec tor  does not reach i t s  previous out- 
puL level .  
The regression.  equatiorzs f o r  t he  determination o f  t h e  c a p i t d  
investments volume include f a c t o r  Time as an independent var iab le -  
For example, the simplified form is as follows: 
- 
The analys is  o f  t h e  r e a l  and forecas ted d z t a  f o r  t he  c s p i t e  ib- 
vestments v o l u  f o r  t h e  whole economy and f o r  t h e  s e c t o r s  
mate r ia l  sphere and those of the  indus t ry  show a constant upwazd 
tendency. For the  period 1970,1980 t h e  year ly  . growth r ~ = e  
f o r  s e c t o r  "Industryn r i s e s  from 5,90 t o  8,49 wlille for  the whole 
economy it i s  f r o m  8,45 t o  7,05. T h e  highest. yesxly g r ~ - x t L  
rate f o r  I975 Fn. r e s p e c t  t o  1.970 have . t h e  s ea to r s  : c o n s t ~ c t . i o n  
ma te r i a l s  indust ry ,  apparel,  t r anspo r t ,  g l a s s  and porcelaifa etc. 
The same tendency near ly '  i s  observed. f o r  t h e  following period uuier 
considera t ion /IS75-1980/. , 
Por t h e  whole period o f  t h e  exanination. one no t i ce s  an inc-  
r ea se  o f  t h e  r e l a t i o v e  share o f  s e c t o r  nIndust ryn i n  the  c a g i t e i  
investments tat al volume, which i s  preserved f o r  t h e  s e c t o r s  : co.?s. 
t m c t i o n  and ag r i cu l tu re  . 
b.e c  ome s the share  o f  
ry i n  t h e  c a p i t a l  i m e s t s e n t s  t o t a l  volume / i t  augments f r o =  
56,75% f o r  I985 to 57,8$% f o r  I99@ The biggest  r e l a t i v e  share .21 
c a p i t a l  inves taen ts  show the s e c t o r s  : machinebuilding, c h e ~ c  d
materi als , e l e c t r i c a l  and thermal 
and fuel and gzs. t h e  s ec to r s  the  z e l a t i v e  
energy 
neazly the  same.Thete i s  however a decrease o f  t h e  y e z 1 3  
growth r a t e  f o r  all sec to r s ,  f o r ,  t h e  na t iona l  economy i t  cnwSS 
fmm 4,75 ( f o r  1985) t o  4,35 ( f o r  1990) and f o r  Indust ry  - f r o =  
5,00 ( f o r  1965) t o  4 , ' 7 ~  ( f o r  1990) . 
By means of t h e  abovemeationcd four  s ing l e  developnent aodei; 
- 
one czn e s t a b l i s h  t h e  a l t e r a t i o n ' s  t rend of t he  export,  import, the 
ou%putt s volume and t h e  apparent consumption one/ the  demand f o r  the 
i ndus t ry ' s  sub-sectors and f o r  t h e  6emaia~ng sec to r s  of the  mste- 
rial sphere. lls we h o w  the  apparent c o n s ~ p t i o a  equals t h o  outpzt 
p lus  imqort minus expor t  f o r  each s e c t o r  ind iv idua l ly .  These fo7. -  
models charac te r ize  the average absQlute  volumes' growth f o r  the 
examined period, t h e  change of t he  absolute growth, t h e  average ex- 
ponenti& growth r a t e  and t h e  a l t e r a t i o n  of t h e  medium g r o ~ h  rz-ie, 
The f o w .  i nd i ces  def ine  neazly c o r ~ e c t l y  t h e  b a s i c  changes f o r  tF-e 
period. The export a nd import de~alopment i s  determined as. a firnc- 
t l o n  of the outpu%' s aolume, respec t ive ly  t h e  apparent consumptiln' 
volume. 
t he se  functions are  analagical  t o  those of  'G.Al.mn. and his 
cop-autkors [ 4 ]  . 
. T h e  d i f f e r e n c e  l i e s  i n  t h e  f a c t  that  t h e r e  a re  no expressio.?c 
f o r  t h e  p r ices  and t h e r e  i s  no l a g  i n  t h e  expoxt func t ion  / it w s  
found out tha t .  t he  a n a l p i s  of dm count rg l s  export  de~elopment  iid 
not prove 'a  l a g  between the  export and t he  production,/ Tbe incl.=ion 
of p r i ce  co r r e l a t i ons  c r ea t e s  add i t iona l  d i f f i c u l t f e s  and r e q L n e s  
a considerable amouIllt of work. T h i s  variant was l e f t  f o r  t he  next 
s tage  of work. The r e l a t i o n s  between the  export the  impor: c a  
one s ide ,  and t h e  output and t h e  agparent consumption - o n  t h e  
o the r  were expressed by elemeztary l i n e a r  models. O u r  goal  was t a  
ge t  a general  i d e a  of these  va r i zb l e s  r a t i o s .  The d i f fe rences  2;' 
s e c t o r s  were g rea t  and i n  the  d y n a c s  - one: observed insi,aEicant 
changes f o r  t he  ex-d period f o r  near ly  all sectors .  
In most cases t he  ex t rapo la t ion  on t h e  ground of s ing l e  i e T =  
lopmert models d id  n o t  g i ~ e  r e a l  r e s u l t s  f o r  t h e  e q o r t  a d  is;s=t 
f o r  t h e  per iod  till 1990.More r e a l i s t i c  e s t ima t ions  were oht&.zei 
t h e  bzse of t h e  export  and import func t ions  b u t  t h e n  t h e  problem 
was how t d  e s t i s a t e  t i& f u t u r e  neanicgs f o r  t h e  exogenous v z r i ~ k . t l s s ,  
f i n a l l y  this i s  what is  aimed at,  s ince  t h e i r  v d u e s  m e  i n t e  
f o r  t h e  model as a whole.In ';his cme t h e  apgroach chosen w a s  t o  
determine t h e  va luzs  of t h e  separa te  vaz i an t s  . External inr"oras?ian 
was a l s o  made use of  - given development of  given s e c t o r s  i n  scne of 
o u r  norm documents , expected deaelopment of s o w  ou tpu t s  and sez- 
t o r s  in t h e  world i n  a c c o r d a c e  w i th  f o r e i g n  i n s t i - l x t e s  and orgaai -  
z a t i o n s  f o r eca s t s .  Technica l ly  one had t o  g e t  f o r e c a s t s  f o r  two 
y e a r s  : 198.5 and 1990. For  t h e  y e m s  from I980 till I990 an ixxter- 
p o l a t i o n  w a s  made of  t h e  medium geometr ical  growth r a t e s .  
The forecmsts  by s e c t o r s  were snmmad and compared t o  t h e  genera l  
f o r e c a s t  made f o r  t h e  expo r t  and the. import by ana log ica l  methods, 
For each s e c t o r  and f o r  each y e a r  two f i g u r e s  were obta ined : lowez 
and upper limit of t h e  export  and import  rolumes, 30th values met 
d i f s e r e n c es  i n  t h e  p r e a i s e s  f o r  t h e  development r a t e s ,  t h e  type  d 
t h e  con ten t s  of t h e  c o r r e l a t i o n s  between t h e  dependent and indeper-  
d e d  v a r i a b l e s .  By seckors  f o r  e m r y  year  one e s t ab l i shed  the A- 
l a t i o n s  of t h e  d i f f e r e n c e  between rne  upper and lower l i m i t  ard t h e  
average quzmtity. 
Most gene ra l l y  t h e  r e s u l t s  obtained may be charac te r i zed  by 
t h e  fclLowing data .  The merage  yea r l y  growth r a t e  f o r  t h e  expart  
dur ing  t h e  t e n  yea r s  pe r iod  till I990 i s  6,5 -7,9% when summed & 
4,7 -5,8% i n  t h e  t o t a l  Soreczs t  sum .Fox t h e  i n p o r t  t h e  d z t a  are  
According t h e  XII- th Congress of t h e  Bulgarian 
docunents one envisages i n  I985 an. i n c r ea se  of *the fo r e ign  t r a d e  of 
PR of Bulgaria I , 4  times. According t o  o u r  f o r e c a s t  this f i g m e  i s  
, 
I,40-I,48 times and I,35-I,54 times when s- and i n  $he fo r eca s t  
of t h e  t o t a l  export  and i n p o r t  volume cozresponcingly.  I n  1399 3 / ~  
o f  t h e  export  w i l l  be formed by f o u r  s e c t o r s  : aachinebui ld ing ,  
cheinistry, food a d  tdbacco and t r an spo r t .  T h e  bigges t  sec tors  t.; 
impor t  w i l l  be : machinebuilding, c h e i n i s t r ~ , f e r r o u s  metals  z d  fuel 
and gas covering a l so  a 3/hth of t h e  expected i m p m t  v o l m e .  The 
expected forecas t ' s  l ia i ts  by y e a s  a d  s e c t o r s  va ry  from 2% t o  3qX 
* 
i n  expor t  / from 8 t o  27 on t h e  average/ aaC from. 2% t o  57% - h 
impor t  / &om. 6 t o  2896 on t h e  average /,The machinebuildingt s l iz i t s  
a r e  11034% in e q o r t  and 8-17 % i n  import.  For c h e n s i t r y  - 5 t o  I 0  
and 7% e t c .  axe l a s t  
t h e  f o r e c a s t  /I990/ but t h e r e  are exceptions too  f o r  some sec to r s .  
Comparisons were made between t h e  export  and import voluaes - by 
s e c t o r s  and in g-exxe ral in view of t h e  b a l a a c e f s  .changes and l e v e l .  
Bearing i n  m i n d  t h e  connect ion  of  t h e  f o r e i g n  t r a d e  and t h e  country ' s  
o a t p a t .  a l l  c a l c u l a t i o n s  f o r  t h e  w o r t  and impar t  a r e  on Fn te rna l  
prFoes at a cons'a~~t p r i c e .  base, 
The fo recas ted  r e s u l t s  o b t a h e d  a r e  d iscussed  on lg  as a p r e l i n i -  
nary.. variant which w i l l  be used i n  *&e genera l  'model 's  so lu t ion .  
t 
The expor t1$  and impor t l s  volizmes fo r eca s t ,  p a r t i c u l a z l y  f o r  a count- 
r y  l i k e  Bulgazia, must answer a number of add i t i ona l  requirements  
and t o  t a ke  i n t o  cons ide r a t i on  many o t h e r  f a c t o r s  and ou t s i de  condi- 
t i o n s .  
An i q ~ - o u t p u t  matr ix  f o r e c a s t  w a s  done f o r  1980,1965 =d I35C 
on t b e  ground of t h e  r e p o r t  d a t a  f o r  t h e  mual  inpct-output  t i d e :  
. f o r  t h e  period 1971-5979 wi th  dinensions 25x25.on t h e  f o l l o w i ~ q  
p r i n c i p l e s  : 
A hypothes is  was assuned f o r  a nininum chznge of t h e  c o e f f i -  
c i e n t s  with r e s p e c t  t.o t h e  Level of t h e  l a s t  y e a r s .  IL'hs reason i s  
- 
that. if you d o r l t  know s u f f i c i e n t l y  wel l  t h e  proauc t ion  c o n d i t i a r s  
of  every s e c t o r  and t h e  concre te  ex2ected s i g n i f i c a n t  t echno log icz l  
improvements, t h e  next f ive-years  p lans  aswell ,  i t  i s  most expedieut 
t o  envisage a minimum development of t h e  product ion  eupeadi ture .  r'or 
one u n i t  of t h e  out.put, than cons ider ing  t h e s e  expendi tures  as ab- 
I' 
s o l u t e l y  c o n s t a n t  o r  a r i s k  to , rer"lect  t h e  main cha.ges. We t h ink  
- 
that t h e  per iod  1971-1979 i s  i n d i c a t i v e  enough i n  o r d e r  t o  be used 
f o r  f e a s i b l e  f o r e c a s t  f o r  a near  f u t u r e  till w h i  ch r enders  
an account o f  an a l ready  achieved. l e v e l  and as f a r  as a fore .cas t  
till  1990 - with  some a d d i t i o n a l  and v i s i b l e  even at presen t  changes. 
One may cons ider  t h a t  t h e  approach used i s  necessar-y i n  p r i n c i p l e  
as one initial s t a g e  of t h e  work . 
h a t i c a l l y  f i r s t  of all one f o r e c a s t s  t h e  eo1llrim.s sums / sec -  
tors m a t e r i a l s  - output  r a t i o  / .im aggregated qnan t ik ies  t h e s e  -sums 
a r e  thought t o  h w e  a g r e a t e r  a t a b i l i t y  i n  t h e i r  development t h a n  
t h e i r  aepara t  e components - t h e  i n d i v i d u a l  input.-output c o e f f i c i e n t  E 
The dynamic rowa , f o r  all c o e f f i c i e n t s  and f o r  t h e  aaove suns a r e  
smoothed a d  e x t r a p o l a t e d  i n i t i a l l y  tJ.11 1985 by s i n g l e  development 
models in view of  e s t - ab l i sh ing  admissible  durable  t r e n d s  i n  t.he 
v a r i a b l e s r  development.These a re  foremost t h e  l i ne a r  and non- l inear  
func t ions .  u rd ina ry  exponenti  al, hyperbol ic  func t ions  and 
f a l l  i n  t h e  l a t t e r . .  category.  un anhther. hand one used complicated 
f u n c t i o n s  asymptot ica l ly  l i m i t e d .  d i f f e r e n t  funct ion:  
f i t n e s s  was compaed on t h e  ground of p a s t  developments and t h e n  
f o r e c a s t s  were done choosing f o r  every case t h e  most appropr iz t e  
func t ions .  
va lues  obta ined  f o r  t h e  expenditure  were t e s t e d  
by exper t s  and i f  necessary  minimurn c o r r e c t i o n s  of the i r .  foreccast ing 
s igni f icance  were made.  un t h e  bzse of t h e  f i n d  d z t a  f o r  t h e s e  
s u m s ,  t h e  f o r e c i s t e d  v d u e s  of t h e i r  corngone~ts - t h e  i n d i v i d u d .  
t e ~ h ~ o l o g i c a l  c o e f f i c i e n t s  were cor rec ted  too .  The c o r r e c t i c o s  
- 
were i n  propor t ion  w i t h  the  s i z e  of t he se  c o e f f i c i e n t s  zx-~ t z k i q  
i n t o  consider2t io:r  t h e  d i r e c t i o n  of t h e i r  deve loper r t  especially 
for the energy sector. 
This  i s  how one got  frow t h i s  f o r eca s t  the  i npu t -oc t su t  c o e f f i  
c i e n t s  . 
Two v a r i a n t s  were msde till  1983 and I965 and f o r  I990 - one 
v s z i  ant .  
5 .  SOFTtlARE PACKAGE 
For t h e  so luMon of t h e  INFORUT4 model I IdSAts  SLIlYFOR2 s o f t -  
ware pzckage w a s  used . It w a s  adapted to a 11/70 PDP minicnmputer 
The first at tempts  on ICL f ailed.The model1 s s o l u t i o r s  were o f  a 
considerably  a l t e r e d  SLIPIFOW aariaat. Xow one n e a r l y  f i n i s k e s  
ad3ustin.g t h e  programs o n  t h e  I&Y 320/135 PS system . 
Here t oo  were some d i f f i c u l t i e s . T h e y  az i s e  from t h e  f a c t  that  
i 
t h e  UISX system of IIASd i s  highly organized. I ts  s i m p l i f i c s t i o n  
f o r  a I B I  37G/I35 VS i s  a c t u a l l y  c r e a t i n g  another  new SLIIiZC)R2 
system which i s  q u i t e  workcoasuming process .  
ly t h e  d i f f i c u l t i e s  were : 
I , A g r e a t  sof tware  package s i z e  - I 2  main ard 22 sub-prog- 
n a m  with  about 61 OC operz to r s  /comment ope ra t o r s  inc lud ing  /. 
2. I n i t i a l l y  one had t o  run every program one by one.This was 
csused by some d i f fe rences  ill; the  ECRTRAE PDP 11/70 and I&i' 
370/135 V9 t r a n s l ~ t o r s ,  They are : 
a)  def ine  f i l e  opera tors  
b.) s t o p  operators  f o r  emergencies 
e) some s p e c i f i c  requirements of t h e  COiC301Y blocks 
d )  imposs ib i l i t y  t o  close the  DO cycle by a t r a n s f e r  
opera tor  / condi t ional  o r  unconditional / 
3, Syx$actical e r r o r s  i n  t he  p rogrms  
4. ~ e c e s s i t ~ t o  prepzre t h e  con t ro l  cards f o r  each one 9f 
t h e  p r o g r m ,  caused by point  2,  
5. ~ e c e s s i t . ~  t o  co r r ec t  the' d a t a  i n  soae of the  program 
according t h e  input /output  opers tors  demands . 
U t . e r  all programs were nan and f i n a l  r e s u l t s  obtained 
one. made source, object .  and l i b r a r i e s  f o r  e  f fXci en t  
use of t h e  package .So t h e  package programs could be corrected 
again, t r a n s l a t e d  and connected d i f f e r e n t l y  i n  accordance. w i t h  
t h e  package users  needs. Ysocednres f o r  d i r e c t  execution of d i f f a -  
r e n t  computation p a r t s  were c ~ e a t e d ,  
Adjusting the  program o n  a IBM 370/135 VS i s  on ly  an 
i n i t i a l  s tage ;  next i s  the  adjustment on a ID1 I13C of the' 
Economic I n s t i t u t e  in view: 02 a  repeated ca l cu l a t i on  o f  t h e  model 
and obta ining d i f fe ren t  v a r i a t  so lu t ions .  We sugpose t h a t  t h e  
model1 s users  /The S t a t e  Planriing Committee/ w i l l  u t i l i z e  a UNIVAC 
system. The preliminary ca lcu la t ions  f o r  eacn model's blsok were 
done on  t h e  minicomputer COMPUCOBP 625 -lIWRE; I1 on basic TORTR-Qi. 
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OUTLINES OF AN ECONOMETRIC INPUT-OUTPUT 
MODEL OF THE HUNGARIAN ECONOMY 
G. Fink and A. Simon 
This paper describes the draft of a model which is  to be built as a member of the series 
of input-output models in the INFORUM international system. (1)  The aim of the 
model is  to produce economic forecasts in a very detailed breakdown with special atten- 
tion to effects of international economic developments on the Hungarian economy. This 
special treatment would be possible by the ties of the model to the INFORUM system. 
The project is  partly run by the Vienna Institute for Comparative Economic Studies in 
cooperation with IIASA. 
The construction of the model is  now in the stage of data collecting. For modeling inter- 
industry commodity flow, the 1972 ~nput-output table will be used with 79 com- 
modity categories. In the various blocks of the model we shall try to be as close to this 
breakdown as possible. Where-the classification is  different. bridgeequations connect 
the various blocks. The foreign trade model fits into the 79 categories of the input- 
output table and a bridge i s  built to transfer to the 119 categories of the INFORUM 
system. 
The model will be developed gradually, adding to the basic model more elaborated 
blocks one be one. 
The development of some of the blocks i s  already in progress (consumption, invest- 
ments), others need future research. Let us see one by one, how we inmagine the model 
blocks at th i s  stage. 
Investments and capital aarrmubtion 
In our approach on investment we shall start from the assumption that total investments 
and the distribution of investments between individual branches of the economy follows 
solely economic criteria derived from past developments and thus could be endogenized 
(1) About the INFORUM-project see D. Nyhus - C. Almon: The INFORUM Inter- 
national System of Input.0utput Models and Bilateral Trade Flow', Paper pre- 
sented at the IlASA Fifth Global Modeling conference, Laxenburg, 1977, 
in the model. We know that this assumption eliminates the possibilitiy of a more active 
investment policy of cenml authorities. Thus, at a later stage, we will have to allow for 
the possibility of intervention of central authorities by introducing exogenously deter- 
mined investments. Exogenous decisions could affect the level of total investment, and 
could include d~is ions on individual projects and investment progarns, which create a 
new production structure in the economy. The framework of INFORUM models gives 
the opportunity to integrate the effects of exogenous decisions into the model in the 
form of 'fixes', which may override or adjust the endogenous model projections. 
The attempts to endogenize investments in the model could s ta r t  from two points. In a 
more narrow approach it could be assumed that expected future output and the capital 
coefficient are the only determinants of investment decisions. A second approach could 
try to add to these two influencing factors possible effects of prices or profits through 
a cost of capital index. lnvestment policy could enter the model here by including 
effects of taxes on the user cost of capital. 
Given that a cost of capital index could be found and projected, the investment model 
could follow the lines of the US model: (1 
relative user cost of capital: 
pe (MI 
rt = -
Pv 
and desired capital stock: 
- 
Kt = ~ t ~ t ' t ~  
Where Pe - price of equipment 
Pv - value added price (value added per unit of output) 
c - cost of capital 
d - depreciation rate 
Kt - desired capital stock 
Bt -trend value (function of time) 
Qt -output 
o = 1 / ( I  4); 6 - elasticity of substition in a CES production function 
In addition to the estimation of the above equations the actual model would need 
further refinement e.g. as to  reaction time on changes in output and lead of investment 
outlays before implementation of new capital equipment 
Consumption (2) 
Available data about consumption are the following. The 79 sector input~utput able 
of 1972 has one vector of consumption, which includes both personal consumption and 
government consumption. Personal consumption statistics give a breakdown of personal 
consumption in 51 categories for the whole observation period (presently for 1960 - 
1978). Time series on total government consumption are available. 
(1) C. Almon and A. J. Barbera: lnvestment in Producer Durable Equipment 1976 - 
1990, INFORUM Research Report No. 26, October 1978, University of Maryland 
(2) This section i s  a brief account of the work of Gabor Kornai, Institute for Economic 
and Market Research, Budapest, who is responsible for the consumption model. 
The estimation of the model is in progress and the results will be published in a 
separate paper. 
A bridge matrix was set up for 1972 which shows the composition of each of 51 per- 
sonal consumption categories in terms of the input-output sectors. Government con- 
sumption data for the base year were approximated sector by sector as the residual 
remaining after deducting personal consumption from total consumption. These resi- 
duals give the 52nd vector of the bridge matrix. Assuming that the shares of 1-0 cate- 
gories in the consumption categories and in the government consumption are constant, 
the bridge matrix helps us to set up the time series of consumption by 1-0 categories. 
The model of personal consumption expenditures assumes, that in Hungary the personal 
consumption pattern i s  determined by the choices of the consumers, i.e. scarce supply i s  
not characteristic of the consumer goods market. There are two major exceptions, 
housing and cars. Housing i s  permanently and cars are mostly in scarce supply. For these 
categories a different approach i s  to be used. 
The model generally assumes that consumer demand is determined by relatiOe consumer 
prices and personal income. Theequation system of Clopper Almon was chosen as the 
form of the demand function. (1) This allows grouping of goods, calculating different 
cross price elasticities within the groups and across the groups, still preserving the 
properties required by consumption theory. 
As to the two exceptional goods, they were treated as follows: 
In the car market there are two different sets of prices. The secondhand prices clear the 
market and the firsthand prices show the consumer's expenses for a new car. Both 
prices have to  be taken into consideration, because changes in the ' " ' and  prices have 
s&rKk\;obeffects on consumption, but they have no income effect (they affect only income 
distribution). Therefore in the demand function an estimated secondhand price was 
used as price of cars while for calculation of real income the firsthand (official) prices 
were used. 
Housing expenditures were simply excluded from both personal consumption and 
personal income and added to government consumption. In contrast to the car market, 
where strong complementarities exist among cars, gasoline, and spare parts, changes in 
the housing supply affect consumption of other goods only by allowing to  spend more 
or less income on other goods. 
Government expenditure could be regarded exogenous as a first step. Later consmints 
on the supply side could be built in the model. Housing is  clearly constrained by 
housing capacities. Health care, education, administration are similarly limited by both 
capital and labor constraints. Investments and the hiring of labor in these sectors seem 
to depend on exogenous government decisions. 
(1) C. Almon: A System of Consumption Functions and its Estimation for Belgium, 
Southern Economic Journal, July, 1979. 
The equations of the consumption block are the following: 
where ck -personal consumption by consumption categories in constant prices 
Y - personal income 
pck - consumer prices 
pcei - personal consumption by inputoutput categories 
tik -share matrix, showing shares of pce in c. 
Inventory investments and inputoutput coefficients 
Data on inventory investments in a 79 sector detail are very scarce. They are available 
only for 1968, 1972 and 1976, at current prices. Considering the volatility of inventory 
investments interpolation and extrapolation of these would hardly give reliable approxi-. 
mations of the missing data. Assuming that the composition of inventory investment i s  
constant over the whole period would not give better results either. (For several sectors 
inventwy investment was negative in 1972.) 
The statistical difficulties suggested the idea to determine inventory investments in- 
directly. In principle the following indentity gives inventwy investment: 
where iinvi - inventory investment 
q i - gross output 
ifixi - fixed investments 
expi -exports 
impi -imports 
a.. 
'I - inputoutput coefficients. 
Actually we have data on the 1-0 coefficients only for the base year 1972. Even for this 
year the two sides of the equation differs by a statistical discrepancy. Using the 1972 
matrix for every year, we have the following identity: 
where coefci -residual arising from the fact, that the coefficient matrix of the given 
year is different from that of 1972, (plus a statistical discrepancy 
arising from the fact, that the i t em on t h e  right hand side are from 
different statistical sources). 
Statistics on the right-hand side variables are available, but the left-hand side variables 
cannot be statistically separated. Thus only the sum of inventory investments and the 
effects of the shifts in the technology matrix can be modeled. 
Let us make the following regression estimation: 
where f (t) i s  a logistic function of t 
t -time 
u - residual of the estimated equation 
The numerator of the left-hand side is calculated as the difference of gross output 
and the final demand items. Fitting a logistic curve to this ratio has many advantages, (1) 
but other versions with some additional variables (supply pressures or constraints, etc.) 
could be tried later as mil. 
- 
Expressing the equation for the sum of inventory investments and the effect of coeffi- 
cient changes, we have 
iinvi + coefci = [I - f (t)] . C a.. q. + ui . a.. q- 1 11 1 1 11 1 
The fitted values of iinvi + coefci may be assumed to indicate the shifts in the 
technology matrix and longerrun trends in inventory investments. The form of the 
function assumes that both of them are proportionate to intermediate use. The 
residual Z alg7zij qi . ui may contain not only random errors, but short-run develop- 
i 
ments in inventory investment as well. Empirical investigation of these residuals may 
lead us to some explanation of their development. 
Output 
Output could be assumed to  be basically demand determined according to the following 
identity: 
qi = Z a.. q. + pce. + gce. + ifixi + expi - imp. + iinvi + coefci I I 1 i = 1 ,..*79 j 11 1 
on UL 
Thus output is defined independent . utilization of capacities. Data for capacities 
could be defined by the Wharton capacity indicator (peak-to peak interpolation of 
output data). 
To keep output reasonably close to capacities in forecasts, a feedback of capacities on 
output could be built in the model through foreign trade. (Low capacity utilization 
spurts exports, curbs imports and thus increases output via the output identity.) 
Productivity and Employment 
As a first step, productivity could be estimated by simple trends or logistic curves: 
where empi (t) - employment 
fi (t) - function of time 
(1) See C. Almon - M. Buckler - L. Horwitz - T. Reimbold: 1985: Interindustry Fore- 
cam of the American Economy, Lexington, Mas., 1974, pp. 157 - 165 
Data on employment are set up for 71 sectors. More ambitious functions (inverted 
CobbDouglas, etc.) could be tried later, depending on the available research capacities. 
Forecasts of employment would be based on the above function. 
Labor force i s  exogenous in the model. It is  determined by demographic factors and its 
forecast could be obtained from population projections. 
Forecasts of employment do not necessarily f i t  to forecasts of the labor force. The 
model however makes it possible to search for an income policy that assures consistency. 
Prices 
In the past 20 years the Hungarian price system underwent many changes owing to sub- 
sequent price reforms. However, the principles of these reforms were too various and 
the time of their execution was too unpredictable to estimate price behaviour by econo- 
metric methods. Thus prices have to be exogenous for the model. This limits the scope 
of the model, but this limitation has much less consequences than in a model of a 
maket economy. Namely the role of the prices is much less important in the Hungarian 
economy : 
1. The firms in Hungary are less profitmotivated, thus their decisions depend much less 
on prices than in the market economics. 
2. Price changes were always accompanied by changes in the subsidy and tax system 
which would make the net effects of the changes unpredictable. 
When forecasting prices, we are not restricted to econometric relationships. We may 
assume for example, that future prices will behave according to the principles of the 
1980 reform. The functions for this price behaviour are known through these principles, 
but the parameters of these functions have to be set up by assumptions. 
The principle for the future price formation is  the following: a) prices of the inter- 
nationally traded or competetitive goods should develop according to the export or the 
import prices in that sector. b) prices of the non-traded or noncompetitive goods 
should develop according to the capital and labor inputs. Although the principles are 
clear, in a model there i s  much room for various assumptions about the share of com- 
petitive goods in a sector or the extent of subtitutability of goods with export or 
import goods, etc. Although these assumptions cannot be based on empirical evidence, 
the model still could give much information about future trends in prices. 
Exports and imports 
Setting up equations for foreign trade the following requirements would be desirable to 
be met: 
1. The equations should capture the domestic factors producing changes in the sectoral 
structure of trade. 
2. They should indicate effects of domestic demand policy on the balance of trade. 
Both of these requirements are met in the model of a market economy by introducing 
prices into the model. Relative prices of sectors explain long-run developments in the 
trade structure. The domestic price level (income and monetary policy) and the world 
market price level together with the exchange rate keeps domestic demand in a long-run 
equilibrium with output. 
In an economy like the Hungarian, it i s  sure that prices play much less role and it i s  even 
doubtful, whether they have any significant influence on the developments of Hungarian 
foreign trade. It i s  clear, that the lonprun equilibrium between domestic use and output 
i s  not a result of a pure market mechanism, but the result of various control measures of 
the central authorities influencing the decisions of the firms, taken in various incentive 
systems. It i s  an empirical question, whether profitability considerations determined 
significantly the decisions of t h e  policy makers or the firms in the past 10 - 20 years. 
Regression equations of the model could give an answer to this question. One way to 
formulate price effects would be to include the  ratio of t h e  domestic price index and 
the export (import) price index into the equation. Another way would be t o  replace 
domestic prices by calculative prices of value added. (1) In both cases it seems useful to 
deflate the price indices by the general domestic and the world market price index, 
respectively. 
These deflated price indexes would ensure the  fulfilment of the first requirement. If. 
the data would not show significant relationships in this respect, simple trends could 
replace the price ratios. To meet the second requirement, it seems that monetary and 
exchange rate policy are not so important or have not been as widely used in Hungary 
that variables of this kind would be suitable to indicate balance of paymeno policy. 
Instead of price variables it would be probably better to include capacity utilization 
variables into the equations to show the effect of domestic demand (and demand policy) 
on the balance of trade. 
The export equations include of course foreign demand variables. Data on foreign 
demand in the detailed breakdown of the model is not easy to  obtain. Information 
could be received probably from the models of the partner countries of the INFORUM- 
project. 
In the import equations domestic demand could be represented by total domestic sales. 
(1) Using calculative prices instead of actual prices would assume that social costs are 
still somehow considered in economic decision-making, even if  they do not explicitly 
appear in actual prices. These social costs (calculative price) of value added could 
be approximated by the following expression: 
empi . wi + capi . int + depri . capi 
pricei = 
va 
where empi - employment in persons 
W. I - wage rate per man-year 
capi - capital stock 
int - uniform interest (profit) rate, constant over time 
depri - depreciation rate 
va -value added in constant prices, defined as 
vai = qi - 1: a.. q. 
IJ I 
The typical export and import equation of the model would be the following: 
Pi qaPi 
imp. I = f(-, - . ddi ) 
PWi qi 
where expi -exports in constant prices 
impi - imports in cqnstant prices 
Pi - domestic prices (actual or calculated) deflated by the general domestic 
price index 
pwi -world market price index deflated by the general world trade price 
index 
- 
qcapi - capacity output 
dwi - world demand indicator 
ddi - domestic demand indicator, defined as 
dd. = a*. q. + pcei + gcei + ifixi 1 , '1 1 
q i - actual output 
Up to t h i s  point the peculiarities of trade with the socialist countries were ignored. 
During the construction of the model however it may turn out necessary to separate 
socialist trade and nonsocialist trade. In this case the above equations would apply only 
to the nonsocialist trade, and barter agreements between the socialist countries would 
have to be modeled. 
There agreements have some features which a n  unusual in international trade models: 
exports and imports may depend on each other within single secton, the supply of 
imports in most secton may have both an upper and a lower limit. As these inter- 
relationships are not only complicatd but changing frequently, a complete model in a 
79 sector breakdown seems to be a too ambitious goal for the next future. Probably the 
major barter trade flows should be treated exogenously in the f in t  versions of the model. 
How the model works 
With the described model we are able to make forecasts which may be used either as 
tools of medium-term planning or for the simulation of the planning procedure. It con- 
tains all those relationships which are considered when the medium-term plan for the 
main macroemnomic variables of the economy is set up. One of the advantages of this 
model over the traditional planning approach is, that it relies upon a consistent set of 
relationships, based on statistical evidence. Another advantage is  that besides the 
aggregate forecasts it may produce infomration of future development in such detail, 
which has not been available or producable by the planners up to now. This feature of 
the model is  mostly due to i t s  connections to the international INFORUM system. 
The forecasts of the model are inferior to a traditional plan or forecast in some other 
respects: the statistical evidence of relationships i s  available only for the past, new rela- 
tionships or changes in these relationships are not automatically considered by the 
model. Thus any application of the model has to be coupled with an analysis of new 
events, possible future unprecedental developments; the effects of which could be 
integrated into the model in the form of fixes. 
Let us see a chart of the aggregate variables of the model. For sake of clearness only the 
most important relationships of the equation system of the model are shown. 
exogenous 
variables 
endogenous 
variables 
objectives 
During the forecasting exercises we have to solve the same optimal control problem, 
that the planners face. Their objective i s  a reasonable trade balance and labor force utili- 
zation. (The objective could be reformulated as consumption and trade balance maximi- 
zation, etc., but the problem would be essentially the same.) Their tools are income 
policy and investments policy. In the present actual situation (by the construction of 
the 1981 - 85 plan) the trade balance had an overwhelming weight in the objective func- 
tion. Generally however the model shows the usual dilemma of the Keynesian economy 
between a stagnating economy or a deficit in the trade balance. 
The model calculates the values of the objectives attained by the tools. By iterations we 
can reach those levels of investments, consumption, output etc., which are compatible 
with the desired objectives. 
AN ECONOMETRIC INPUT-OUTPUT MODEL 
OF THE WEST GERMAN ECONOMY 
D.E. Nyhus 
This paper deszribes an econometric input-output model of 
the Federal Republic of German having 51 sectors, together with 
a forecast made using the model. Most of the data for the model 
comes from the Rheinische-Westfalische Institut fflr Wirtschafts- 
forschung in Essen. The model presented here is now part of the 
INFORUM system of dynamic input-output models. 
Equations have been estimated to explain 46 categories of 
consumer expenditure, investment demands (plant and equipment 
separated) for 34 industries, exports for 51 industries, imports 
and inventory change for 51 industries. Equations to forecast 
input-output coefficients have been estimated. Forecasts of 
prices and incomes have not been made and have now been left as 
future work. 
INTRODUCTION 
T h i s  i s  a  r e p o r t  o n  t h e  c o n s t r u c t i o n  o f  a  d y n a m i c  e c o n o m e t r i c  
i n t e r i n d u s t r y  model o f  t h e  West German economy. The bas ic  purpose of t h e  
model i s  t o  make p r o j e c t i o n s  f o r  t h e  West German economy, year -by-year  f o r  
a p p r o x i m a t e l y  t e n  years ahead, o f  i ndus t  r i a l  output, employment, investment, 
and o the r  components o f  f i n a l  demand w i t h i n  t h e  s t r u c t u r e  o f  an e v e r c h a n g i n g  
i n p u t - o u t p u t  t a b l e .  S t r u c t u r a l  change o v e r  t h e  p a s t  1 5  y e a r s  has been 
c a r e f u l l y  examined i n  t h e  c o n s t r u c t i o n  o f  t h e  model. A t  present ,  t h e  model 
l acks  a  p r i c e  and income side; t h i s  i s  a  research t o p i c  f o r  t h e  fu tu re .  
T h i s  model,  w h i c h  i s  now p a r t  o f  t h e  INFORUM sys tem o f  dynamic 
input-output  f o r e c a s t i n g  models, has been s u c c e s s f u l l y  L i n k e d  w i t h  t h o s e  o f  
t h e  U.S.A., Canada, France and Belgium (see Almon and Nyhus (1981) and INFORUM 
(19811). 
S e c t i o n  I d e s c r i b e s  t h e  g e n e r a l  s t r u c t u r e  o f  t he  model and t h e  r e s u l t s  
t h a t  a r e  a v a i l a b l e .  S e c t i o n  I1 d e s c r i b e s  t h e  d a t a  and i t s  p r e p a r a t i o n .  
S e c t i o n  I11 shows t h e  m o d e l ' s  e q u a t i o n s  f o r  each o f  t h e  f i n a l  demand 
components, l abo r  p r o d u c t i v i t y  and input-output  c o e f f i c i e n t  change. S e c t i o n  
I V  e x p l a i n s  t h e  s p e c i f i c  assumptions used i n  t h e  model and t h e  r e s u l t s  o f  t h e  
forecast .  
I. MODEL STRUCTURE 
The major p a r t s  o f  the  model a re  shown i n  F igure  1. A l s o  shown a r e  t h e  
p r i n c i p a l  f u n c t i o n a l  c o n n e c t i o n s  i n  t h e  model. The c e n t e r  b l o c k  i s  t h e  
input-output  t a b l e  where some f i f t y - o n e  i n d u s t r i e s  a r e  d i s t i n g u i s h e d .  T h i s  
center  b lock  shows t h e  sales o f  each sec tor  t o  each o f  t h e  others. 
On t h e  r i g h t - h a n d  s i d e  i s  t h e  f i n a l  demand b lock ,  w h i c h  shows t h e  
p r o j e c t i o n  o f  46 t y p e s  o f  consumer expend i tu re ,  equipment  i n v e s t m e n t  f o r  
F I G U R E  1. The M o d e l  - major parts and p r i n c i p a l  funct ional  connections 
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3 4 - i n d u s t r i e s  (aggregates o f  t h e  511, t h e  c o n s t r u c t i o n  i n v e s t m e n t  f o r  t h e s e  
same 3 4  i n d u s t r i e s  p l u s  r e s i d e n t i a l  c o n s t r u c t i o n .  I n v e n t o r y  investment, 
expo r t s  and imports, and government purchases f o r  each o f  t h e  51 s e c t o r s  a r e  
a l s o  est imated. 
To t h e  l e f t  o f  t h e  cen te r  b l o c k  a r e  t h e  s e c t o r  outputs.  'The outputs, o f  
course, a re  t h e  sum o f  a l l  s a l e s  i n c l u d i n g  t h e  nega t i ve  sa les  impor ts ;  hence 
p r o d u c t i o n  h e r e  i s  d o m e s t i c  o u t p u t .  P r o d u c t i v i t y  and employment  f o r  38 
d i f f e r e n t  i n d u s t r i e s  a r e  d i s t i n g u i s h e d  h e r e  ( a g a i n  a g g r e g a t e s  o f  t h e  51 
sec to rs ) .  
E s t i m a t e s  o f  t h e  l a b o r  f o r c e ,  p e r  c a p i t a  d i s p o s a b l e  income, t o t a l  
government spending, f o r e i g n  demand f o r  German goods, t h e  p r i c e  o f  f o r e i g n  
c u r r e n c y  (exchange r a t e )  and r e l a t i v e  p r i c e  trends, a r e  a l l  exogenous i n  t h e  
model a t  t h i s  t ime. .  I n  Secton IV, where a  f o r e c a s t  r e s u l t  i s  shown, t h e r e  
w i l l  be more d i s c u s s i o n  o f  t h e  exogenous assumptions. 
Pe rhaps  t h e  most  i m p o r t a n t  element i n  t h e  s t r u c t u r e  o f  t h e  model i s  n o t  
v i s i b l e  i n  F igu re  1, e.g. t h e  numerous ways i n  which i t  i s  p o s s i b l e  f o r  t h e  
u s e r  t o  i n t e r v e n e  i n  i t s  w o r k i n g s .  I t  i s  easy  t o  m o d i f y  o r  o v e r r i d e  t h e  
ou tpu t  o f  any b e h a v o r i a l  e q u a t i o n  i n  t h e  model :  one can  add t o  what  t h e  
e q u a t i o n  produces;  m u l t i p l y  b y  what  i t  produces, o r  s i m p l y  r e p l a c e  t h e  
equa t i on  a l t oge the r .  Thus, t h e  model i s  no t  j u s t  a  f o r e c a s t i n g  model, b u t  i s  
designed f rom t h e  s t a r t  t o  make p o l i c y  a n a l y s i s  easy. 
The Model i n  Mot ion  
The bes t  way t o  understand t h e  i n t e r w o r k i n g s  o f  t h e  model i s  t o  f o l l o w  i t  
th rough  t h e  f o r e c a s t i n g  o f  one year. 
We b e g i n  w i t h  a s s u m p t i o n s  f o r  t h e  p o p u l a t i o n  and r e a l  p e r  c a p i t a  
d i sposab le  income. The persona l  consump t i  o n  e x p e n d i t u r e  e q u a t i o n s  use  t h e  
above assumptions, t o g e t h e r  w i t h  r e l a t i v e  p r i c e  trends, t o  p r e d i c t  expend i t u re  
b y  consumer c a t e g o r y .  A b r i d g e  m a t r i x  w i l l  l a t e r  t r a n s f e r  these demands by 
consumer category, i.e. bu t te r ,  i n t o  demands f o r  t h e  p roduc t s ,  i .e. d a i r y  
p roduc t s ,  i n  t h e  inpu t -ou tpu t  tab le .  Next, government demands by p roduc t  a r e  
ca lcu la ted .  A cons tan t  s t r u c t u r e  o f  government spending i s  assumed. 
Next we use p r o j e c t  f o r e i g n  demands (some d e r i v e d  f rom o t h e r  models, e.g. 
France, U.S.A., Belgium and Canada; some by assumpt ion,  e.g. Ne the r l ands ,  
I t a l y  and U.K.) and  p r o j e c t e d  t r ends  i n  domest ic t o  f o r e i g n  p r i c e  r a t i o s  by 
product, i n  o rde r  t o  c a l c u l a t e  t h e  demand f o r  e x p o r t s  by i npu t -ou tpu t  s e c t o r .  
F o r e i g n  demands and  r e l a t i v e  G e r m a n - t o - f o r e i g n  p r i c e  t r e n d s  a r e  used  t o  
produce e x p o r t s  by  inpu t -ou tpu t  category. 
Investment f u n c t i o n s  genera te  equipment and c o n s t r u c t i o n  i n v e s t m e n t  o n  
t h e  b a s i s  o f  pas t  and p resen t  changes i n  output .  There a r e  equa t i ons  r e l a t i n g  
i m p o r t s  t o  d o m e s t i c  demand and  r e l a t i v e  f o r e i g n - t e d o m e s t i c  p r i ces .  Other 
equa t ions  e x i s t  t o  c a l c u l a t e  i n v e n t o r y  change b y  p r o d u c t  e m p l o y i n g  d o m e s t i c  
use and s tocks  o f  i n v e n t o r y  o f  t h e  products.  
The f i n a l  demand p r o j e c t i o n s  a r e  o f  g r e a t  i n t e r e s t ,  p a r t i c u l a r l y  s i nce  
t hey  have a  g r e a t  e f f e c t  on i n d u s t r i a l  s t r u c t u r e .  
When t h e  f i n a l  demands a r e  ready, ue  t h e n  use  t h e  p r o j e c t e d  d i r e c t  
i n p u t - o u t  p u t  c o e f f i c i e n t s  -- t h e  i n p u t s  o f  each p roduc t  r e q u i  r ed  t o  produce 
one u n i t  o f  output .  When these  a r e  ready, we b e g i n  t h e  s o l u t i o n  p r o c e d u r e  
known as  t h e  S e i d e l  loop. Here, consumer demand f o r  autos i s  conver ted i n t o  
demand f o r  steel ,  s t e e l  i n t o  m in ing ,  and m i n i n g  i n t o  g a s o l i n e ,  e t c .  T h i s  
c o n t  i nues un t  i 1 a1 1  demands f o r  a1 1 products, d i  r e c t  l y  o r  i n d i  r e c t  l y  r equ i  r ed  
t o  make t h e  f i n a l  goods, have been accounted f o r .  Note t h a t  t h i s  process does 
n o t  c a l l  f o r  m a t r i c  i n v e r s i o n .  A t  no t i m e &  we inv_e,rf a  m_a,trix i n  t h e  
s o l u t i o n  erocedure. I t  i s  a l s o  t o  be noted t h a t  t h e  whole process needs t o  be 
--------- --------- 
repeated due t o  t h e  dependence o f  i n v e s t m e n t  and c o n s t r u c t i o n  s p e n d i n g  o n  
c u r r e n t  o u t p u t .  The e x t e n t  o f  t h i s  dependence i s  r e l a t i v e l y  s m a l l  and 
t h e r e f o r e  u e  o n l y  need t o  r e p e a t  t h e  p r o c e s s  t u i c e .  A t h i r d  c y c l e  was 
performed bu t  found t o  be unnecessary and i s  no longer  performed 
P r o d u c t  o u t p u t s  a r e  now r e a d y  a n d  u e  a r e  p r e p a r e d  t o  c a l c u l a t e  
employment. Labor requi rements pe r  u n i t  o f  ou tpu t  a r e  c a l c u l a t e d  on t h e  b a s i s  
o f  t h e  Level  o f  output, i t s  change and trends. We t h e n  m u l t i p l y  by o u t p u t  t o  
g e t  emp loyment .  I n d u s t r y  employment i s  t h e n  c a l c u l a t e d  and t h e  r e s u l t  
compared w i t h  t h a t  o f  t h e  l a b o r  f o r c e .  The d i f f e r e n c e  be tween  t h e  tuo, 
unemployment, i s  t h e n  s c r u t i n i z e d .  I f  t h i s  f i g u r e  i s  u n r e a l i s t i c a l l y  Lou, 
t hen  per  c a p i t a  d i  s p o s a b l e  income, government  spending,  and t h e  p r i  ce o f  
f o r e i g n  c u r r e n c y  a r e  examined  and  rev i sed ,  i n  o r d e r  t o  p r o d u c e  a l a r g e r  
economy, t hus  c r e a t i n g  more employment. 
11. DATA 
The Economic Research 1 n s t i  t u t e  f o r  Rhine land-West fa l ia  i n  Essen, F. R.G., 
p r e p a r e d  i n p u t - o u t p u t  t a b l e s  i n  c u r r e n t  and 1970 p r i c e s  f o r  t h e  y e a r s  
1962-197s ( R W I ,  1979) .  These d a t a  were  t h e  p r i m a r y  source o f  most o f  t h e  
c a l c u l a t i o n s .  Employment and investment  by  i n d u s t r y  da ta  came f r o m  d e t a i  l e d  
n a t i  ona 1 accounts ( S t a t i s t i s c h e s  Bundesamt, 1980). The investment  m a t r i x  was 
d rawn  f r o m  a 1972 m a t r i x  p r e p a r e d  b y  t h e  German I n s t i t u t e  f o r  E c o n o m i c  
Research  i n  B e r l i n  (Baumgart, 1 9 7 6 ) .  Only m o d i f i c a t i o n s  t o  t h e  a b o v e d a t a  
base w i l l  be d iscussed belou. 
Only minor  changes t o  t h e  R W I  t a b l e s  u e r e  made: 
(1) Most o f  t h e  government sa les  were moved f r o m  i n t e r m e d i a t e  t o  f i n a l  
demand s a l e s .  O n l y  government  p r o d u c t i o n  necessary t o  supply  t h e  
government's s a l e s  t o  p r i v a t e  c o n s u m p t i o n  (p resumab l y  government  
p u b l i c a t i o n s  such as maps, s t a t i s t i c a l  yearbooks, etc.) were l e f t  i n  
t h e  i n t e r m e d i a t e  column. 
( 2 )  Row 5 1  c o n t a i n s  i n v e s t m e n t  s u b s i d i e s .  I t  has  no  co lumn o r  row 
i n t e r m e d i a t e  e n t r i e s .  
(3) Impo r t s  were t r e a t e d  as a f i n a l  demand co lumn  o f  n e g a t i v e  e n t r i e s .  
Thus, t h e  row sums a r e  now domest ic product ion.  
( 4 )  The R W I  rou f o r  secondary product i 'on (Kuppleprodukt ion)  was a l l o c a t e d  
back  t o  t h e  p r imary  sector.  A new sector, Row 50, c o n t a i n s  domestic 
p r o d u c t i o n  o f  n a t u r a l  gas, w h i c h  i s  a p r o d u c e d  i n  Germany a s  a 
byproduct  o f  o t h e r  processes. 
'The sum o f  t h e  i n d u s t r y  i n v e s t m e n t  d i d  n o t  ma tch  t h e  t o t a l  equipment 
investment.  The d i f f e rence ,  approx imate ly  one percent, was due t o  some s l i g h t  
s t a t i s t i c a l  d e f i n i t i o n a l  d i f f e r e n c e s  and probably, la te r ,  t o  r e v i s i o n s  i n  t h e  
n a t i o n a l  accounts data. The d i f fe rences ,  houever, were small.  
The i n v e s t m e n t  m a t r i x ,  on  t h e  o t h e r  hand, had many, more subs tan t i a l ,  
d i f f e rences .  The D I W  m a t r i x  con ta ined  f lows f o r  c o n s t r u c t i o n  w h i l e  o n l y  f l o w s  
o f  investment  goods were des i red.  Matches were made between t h e  57 b r a n c h e s  
o f  t h e  D I W  and t h e  inpu t -ou tpu t  rows o f  t h e  R W I  t ab le .  Matches were a l s o  made 
between t h e  D I W  m a t r i x  and t h e  d e t a i l e d  n a t i o n a l  accounts s e r i e s  o f  investment  
b y  purchaser .  S t a r t i n g  w i t h  t h e  D I W  matr ix,  we produced an investment  m a t r i x  
which showed t h e  n a t i o n a l  account i n d u s t r i e s  as columns and t h e  R W I  s e c t o r s  as 
rows. A RAS procedure was used  t o  e n s u r e  c o m p a t i b i  l i t y .  T h i s  i s  an  a r e a  
where f u r t h e r  work needs t o  be done. 
111. EQUATION FORMULATION AND ESTIMATION 
A. Personal  Consumption Expend i tu res  
'There a r e  numerous forms o f  consumption f u n c t i o n s  i n  ex is tence.  For use 
i n  input-output  uork, one o f  t he  most u s e f u l  forms i s  t h a t  developed by  Almon 
(1979)  uhich has t h e  f o l l o u i n g  major p roper t ies :  
- homogeni t y  o f  degree zero i n  a l l  p r i c e s  and income 
- commodi t i e s  s h o u l d  be complements f o r  some goods and s u b s t i t u t e s  f o r  
others. 
- asymptot ic  consumpt ion  p a t t e r n  depends, a s  i n c o m e  i n c r e a s e s ,  o n  
r e l a t i v e  pr ices.  The system requ i res  t h a t  ue l i s t  our commodities by 
group and subgroup, i.e. 
G roue 
---- 
Transpor ta t ion  
Food 
Subgroup 
--- --- 
Public, P r i v a t e  
Protein, non-protei n, 
Beverages, Tobacco 
The form o f  t he  equat ion f o r  good i i n  group G and subgroup S i s :  
uhere 
Ci = consumption per  cap i ta  i n  constant p r i c e s  o f  good i i n  year t 
y = disposable income per  c a p i t a  i n  cur ren t  p r i c e s  i n  year t 
pi = t he  p r i c e  index o f  good i year t. 
- n S j 
' all j Pj 
where s  i s  t h e  budget share o f  commodity j i n  t h e  base year, and j 
and bls and I s  a r e  parameters t o  be es t imated  s t a t i s t i c a l l y .  
No te  t h a t  b3  was n o t  e s t i m a t e d  b u t  r a t h e r ,  econome t r i ca l l y ,  we f i r s t  
es t imated  t h e  income e l a s t i c i t y  o f  each product.  Since t h e  b  ' s  a r e  d i r e c t l y  3 
o b t a i n a b l e  f r o m  t h e  i n d i v i d u a l  e l a s t i c i t y  e s t i m a t e s  ( e l a s t i c i t y  - 
- 
Y 
= b3 2 1, we t h e n  summed t h e  b  I s  t o  see how c l o s e  we we re  t o  t h e  
ay c 3 
c o r r e c t  t o t a l  expend i t u re  i n  I 9 7 5  ( t h e  base year) .  Since ou r  sum was Low, a l l  
o f  o u r  i n d i v i d u a l  es t ima tes  o f  b  were sca led  upwards by 11 percen t  i n  o rde r  3 
t o  match t h e  c o r r e c t  t o t a l  s p e n d i n g  r a t e .  Why s h o u l d  we r e s o r t  t o  such  a  
method when e m p i r i c a l  e s t i m a t i o n  i s  so obvious? Two reasons b o t h  econometric, 
a r e  p u t  f o r w a r d .  The f i r s t  i s  t h a t  income and t i m e  a r e  g e n e r a l l y  v e r y  
c o l i n e a r  and hence we would have s i g n i f i c a n t  problems i n  p i n p o i n t i n g  t h e  exact  
e f f e c t s  o f  each. The second i s  t h a t  income development p l a y s  a  ma jo r  r o l e  i n  
f o r e c a s t i n g .  However, t h e  l e v e l  o f  income encountered i n  t h e  f o r e c a s t  was 
never exper ienced i n  t h e  past. Hence we cou ld  es t ima te  income parameters t h a t  
f i t  w e l l  h i s t o r i c a l l y ,  b u t  f o r e c a s t  poor ly .  Our "hand-p i  cked"  c o e f f i c i e n t s  
cou ld  c e r t a i n l y  be improved by  r e f e r r i n g  them t o  c ross-sec t ion  da ta  where much 
g r e a t e r  ranges o f  income cou ld  be studied. That work must be L e f t  t o  others.  
It i s  a  p r o p e r t y  o f  these f u n c t i o n s  t h a t  t h e  e l a s t i c i t i e s  w i t h  respec t  t o  
p .  o f  t h e  demand f o r  a t  L goods n o t  i n  t h e  same group w i t h  i a r e  t h e  same, say  
1 
ni 9 L i kew ise ,  t h e  e l a s t i c i t i e s  w i t h  respec t  t o  p  o f  a l l  o t h e r  goods i n  t h e  i 
S 
same subg roup  w i t h  p r o d u c t  i a r e  t h e  same, s a y  nip a s  a r e  a l l  t h e  
9  e l a s t i c i t i e s  w i t h i n  t h e  same group b u t  n o t  i n  t h e  subgroup ( i f  any), say qi. 
F i n a l l y ,  t h e  e l a s t i c i t y  o f  i t s  own p r i c e  i s  d i f f e r e n t .  
All items in the Food Group, for example, were substitutes. 
In the Beverages and Tobacco subgroup, however, the items are 
complements to each other. 
0. Investment and Cons t ruc t i on  Equat ions 
Investment da ta  f o r  34 i ndus t r i es ,  sepa ra t i ng  p l a n t  and equipment, enable 
us t o  s tudy  t h e  e s s e n t i a l s  o f  investment  behavior; t h e  c a p i t a l  o u t p u t  r a t i o  
and t h e  p a t t e r n  o f  t h e  l a g  between inc reases  i n  ou tpu ts  and t h e  i nc rease  i n  
c a p i t a l  s t ock  t h e y  s t imu la te .  
The i n v e s t m e n t  e q u a t i o n  f o r m u l a t e s  g r o s s  i n v e s t m e n t  o n  t h e  sum o f  
replacement p l u s  expansi  on investment  . 
where 
V = gross  investment  
g = replacement c a p i t a l  s t ock  r a t i o s  
k = c a p i t a l  ou tpu t  r a t i o  
w = l ag  we igh t  i 
- 
Qt = smoothed o u t p u t  = .5 t +3Qt-, + 2Qt-2 
I n  t h e  f i r s t  t e r n ,  k i t  approximates t h e  c u r r e n t  c a p i t a l  s t ock  and g i s  
t h e  r a t e  o f  i t s  replacement.  I n  t h e  second t e r m  kAQt shows t h e  amount o f  
c a p i t a l  needed t o  accommodate t h e  ou tpu t  expansion i n  year  t and wi shows t h e  
f r a c t i o n  of t h a t  c a p i t a l  bought i n  t h e  ith year  a f t e r  t. 
We c o n s t r a i n  t h e  sum o f  t h e  l a g  we igh t ,  i 's, t o  u n i t y  b y  s e t t i n g  1 
w Z = l -  C wi. Thus, t h e  a c t u a l  r eg ress ion  equa t i on  es t imated  i s  i =O 
Here we must r e i t e r a t e  t h a t  we are  on ly  t r y i n g  t o  g e t  t he  e s s e n t i a l s  and 
t h a t  t he  f i t s  o f  t he  regress ion  equat ions could be improved. 
C. Foreign Trade Equations 
Merchandise Imports  
The equat ion g i ven  below i s  s imi  t a r  t o  t h a t  used f o r  t h e  U.S.A., Canada, 
France and Belgium. On ly  a b r i e f  exp lanat ion  and t h e  e m p i r i c a l  r e s u l t s  a re  
g i ven  here. 
The e q u a t i o n  fo rm f o r  each commodity ( d r o p p i n g  commod i t y  and t i m e  
subscr ip ts )  i s :  
where 
M i s  t he  volume o f  imports  o f  t h e  commodity 
U i s  t h e  domestic demand - output  + impor ts  - expor ts  
P i s  t he  p r i c e  term 
where 
- 
9 
E = f o r e i g n  p r i c e  
' f  - m i 1  'm 'dm m 
where 
Pdm i s  t h e  domestic p r i c e  index i n  country  m. 
s is the s h a r e  o f  i m p o r t s  f rom c o u n t r y  m o f  t o t a l  i m p o r t s  o f  t h e  
m 
commodity 
E i s  an index o f  t he  p r i c e  o f  m's currency i n  DM 
m 
P i s  t h e  domestic p r i c e  index o f  t he  commodity i n  t h e  FRG d 
m = Canada, U.S.A., Japan, Belgium, France, I t a l y ,  Nether lands ,  U.K., 
and the  Rest o f  t h e  World 
uhere 
X i s  t he  volume o f  expor ts  o f  a commodity 
D i s  an index o f  f o r e i g n  demands def ined by: 
uhere 
I i s  t h e  i n d u s t r i a l  p roduct ion  index o f  country m and 
m 
m 
i s  the  share o f  t h e  t o t a l  expor ts  going t o  country m. 
m i s  Canada, U.S.A., Japan, Belgium, France, I t a l y ,  Nether lands ,  U.K., 
and Rest o f  t h e  World. 
where 
Pd i s  t h e  domestic p r i c e  index i n  t h e  FRG 
P i s  an index o f  compet i tors p r i c e s  de f ined by: f 
uhere 
'dm i s  t h e  domestic p r i c e  index o f  t he  commodity i n  country  m Em i s  t h e  
p r i c e  o f  m's currency 
u ' s  a r e  u e i g h t s  f o r  lagged p r i ces .  The u e i g h t s  a r e  d e r i v e d  f rom Nyhus 
(1975) . 
Where es t imates  of t h e  c o e f f i c i e n t  b were negative, a t i m e  t r e n d  equa t i on  
was est imated. I t s  form i s  
tnM = a + b t i m e  + cP (9) 
I n  e s t i m a t i n g  t h e  p r i c e  parameter n, we s t a r t e d  w i t h  an  a p r i o r i  v a l u e  
and t h e n  maximized t h e  f o l l o w i n g  u t i l i t y  f unc t i on .  
-2 I n - apr i  U U = R - .05 I1 aprill 
We f o u n d  t h a t  t h e  a  p r i o r i  e s t i m a t e s  w e r e  s o m e t i m e s  a c c e p t e d  
and s o m e t i m e s  r e j e c t e d .  The demand e l a s t i c i t y  f o r  a l l  45  i t e m s  
s h o w s  t h a t  f o r  1 9 7 5  t h e  a g g r e g a t e  p r i c e  e l a s t i c i t y  was  - . 9 4  and 
t h e  a g g r e g a t e  demand e l a s t i c i t y  w a s  1 . 3 0 .  
Merchandise Expor ts  
The form of t h e  equa t i on  i s  i d e n t i c a l  b u t  t h e  meaning o f  t h e  v a r i a b l e s  i s  
d i f f e r e n t .  
"m 
i s  t h e  share o f  w o r l d  expo r t s  o f  t h e  commodity by coun t r y  m. 
As u i t h  m e r c h a n d i s e  i m p o r t s ,  h e r e  u e  used an a  p r i o r i  es t ima te  o f  t h e  
pri'ce elasticity n. The aggregate export price elasticity, 
using 1975 exports as weights, is estimated to be - . 9 2  and the 
average demand elasticity to be 1.38. 
Nonmerchandi se Trade Equat ions 
T r a n s p o r t a t i o n  and  s e r v i c e  expo r t s  and impo r t s  ue re  r e l a t e d  v e r y  s imply  
as f o l l o u s :  
u  here 
Vik i s  t h e  f Lou of expo r t s  (k= l )  o r  impo r t  (k.2) f o r  a  g i v e n  yea r  
Sk i s  t h e  merchandise t o t a l  f o r  expo r t s  (k= l )  o r  impo r t s  (k=2). 
D. P r o d u c t i v i t y  Equat ions 
The e q u a t i o n  f o r  l a b o r  p r o d u c t i v i t y  f o r  e a c h  o f  3 8  i n d u s t r i e s  i s  
f o r m u l a t e d  t o  show t h e  e f f e c t s  o f  t e c h n o l o g i c a l  change and g r o u t h  i n  t h e  
economy. The form i s  
Log (EIQ) = b,, + b,t + b2Q 
uhere 
E  = Level of employment i n  an i n d u s t r y  i n  man years  
Q = outpu t  of t h a t  same i ndus t r y .  
The c o e f f i c i e n t  b, represen ts  t e c h n o l o g i c a l  change and b  t h e  s i z e  o f  t h e  2  
economy. Because o f  h i gh  c o l l i n e a r i t y  between t i m e  and o u t p u t ,  t h e  v a l i d i t y  
of t h e  d i s t i n c t i o n  i s  sometimes i n  doubt. An a l t e r n a t i v e  i n t e r p r e t a t i o n  i s  
t h a t  Q i s  r e a l l y  a  p r o x y  f o r  c a p i t a l  a c c u m u l a t i o n .  Hence, b 2  may b e  
i n t e r p r e t e d  w i t h  t h i s  a s s u m p t i o n  as  t h e  e f f e c t  o f  c a p i t a l  accumulat ion on 
p r o d u c t i v i t y .  
E. C o e f f i c i e n t  Change 
Changes i n  i npu t -ou tpu t  c o e f f i c i e n t s  a r e  c r u c i a l  t o  any meaningf u  L s t u d y  
o f  s t r u c t u r a l  change i n  a n  economy. The method chosen here  i s  designed t o  
account f o r  wide-spread, p e r v a s i v e  c o e f f i c i e n t  change i n  a  r a t h e r  s i m p l e  
manner. 
A L o g i s t i c  curve d e f i n e d  by t h e  d i f f e r e n t i a l  equa t i on  
i s  used. "c" denotes t h e  c o e f f i c i e n t ,  "a" i t s  asymptote and "b" a  c o n s t a n t .  
Thus t h e  r a t e  of change o f  t h e  c o e f f i c i e n t  s lows as t h e  c o e f f i c i e n t  approaches 
i t s  " sa tu ra t i on "  o r  as i t  nears i t s  minimum use po in t .  
The s o l u t i o n  o f  t h i s  d i f f e r e n t i a l  equa t ion  i s  
where A i s  a  cons tan t  o f  i n t e g r a t i o n .  
To app ly  o r d i n a r y  Least squares t h e  equa t i on  i s  rearranged as f o l l ows :  
~n (ft- 1) = Ln A - bat if a > 1 
C - 
t 
The f i r s t  i s  used f o r  r i s i n g  c o e f f i c i e n t s ;  t h e  second f o r  d e c l i n i n g  
ones. 
The a p p l i c a t i o n  o f  t h e  above  e q u a t i o n s  t o  t h e  d a t a  p r e s e n t s  some 
problems. Time s e r i e s  on i n d i v i d u a l  c o e f f i c i e n t s  do e x i s t ,  b u t  because  t h e y  
were n o t  d e r i v e d  f rom bas i c  da ta  bu t  r a t h e r  f rom a  form o f  t h e  R A S  method, we 
f e e l  t h a t  t he  es t ima tes  based  o n  t h e  movements o f  i n d i v i d u a l  c e l  Ls o f  t h e  
m a t r i x  a r e  p r o b a b l y  n o t  m e a n i n g f u l .  The re fo re ,  we i n t r o d u c e  a  new Cit 
r e f e r r i n g  t o  t h e  e n t i r e  row i as f o l l o w s :  
- Uit - Xit - Fit - a  i j  'it 
Cit = U  /Vit i t  I i=l,. ..,SO. 
where 
Uit = a c t u a l  i n t e r m e d i a t e  use o f  commodity i 
'i t = domest ic ou tpu t  o f  commodity i 
'it = i n d i c a t e d  use  i f  c o e f f i c i e n t s  have  rema ined  c o n s t a n t  o v e r  t h e  
e n t i  r e  p e r i o d  
a.. = t h e  m a t r i x  o f  d i r e c t  c o e f f i c i e n t s  f o r  1975 
1 J 
t h  
i t  = index f o r  t h e  movement o f  a l l  t h e  c o e f f i c i e n t s  i n  t h e  i row. 
For each i n d u s t r y  w e f i n d  t h e  p r e d i c t e d  c o e f f i c i e n t  change f o r  t h e  f i r s t  
two years  of t h e  forecast ,  t h e n  t h e  change f o r  t h e  l a s t  two years. The equa t i on  
ensures t h a t  a  L L a b s o l u t e  r a t e s  o f  change a r e  reduced and t h a t  t h e  d i  r e c t i o n  
o f  change i s  h e l d  cons tan t -  The t h i r d  column o f  numbers shows t h e  f i t  o f  t h e  
e q u a t i o n  a s  i t  p r e d i  c t s  t h e  movements i n  C -- o r  i n  t h e  l a s t  column -- t h e  i t  
f i t  i n  p r e d i t i n g  Uit. 
I V .  A FORECAST 
Any fo recas t  o f  an economy using an econometr ic  model i s  t h e  r e s u l t  o f  
j o i  n i  ng t h e  equat ions used t o  c e r t a i n  assumptions. Assumptions may in te rac t ,  
u i t h  each other,  as t h e y  do here, b u t  t h e  o u t l i n e  o f  t h e  r e s u l t  i s  s t i  1 1  
d e t e r m i n e d  by  t h e  i n t e r a c t i o n  o f  assumpt ions  and e q u a t i o n s .  S ince  t h e  
equat ions have c l e a r l y  been descr ibed i n  Sect ion 3, we w i l l  now amp l i f y  on t h e  
assumptions and then descr ibe the  main fea tu res  o f  t he  forecast .  
Assumpt i ons 
There a re  t h r e e  important  assumpt ions c o n c e r n i n g  p e r s o n a l  consumpt ion  
e x p e n d i t u r e s  f o r  t h e  y e a r s  1975-1990. They a r e  t h e  p o p u l a t i o n  (knoun t o  
19791, d isposable income per  cap i ta  (known t o  19781, and t h e  spend ing  r a t e  
( a l s o  known t o  1978). The t o t a l  popu la t i on  i s  p ro jec ted  t o  dec l i ne  s l i g h t l y  
f rom t h e  c u r r e n t  f i g u r e  o f  about  61  -5 m i l l i o n  t o  60.0 m i l l i o n  i n 1990 .  
D i s p o s a b l e  p e r  c a p i t a  income i s  p ro jec ted  t o  increase by on l y  0.4 percent i n  
1980-81. The pe r iod  1981-85 foresees a  s l i g h t l y  f a s t e r  p a t h  of 3.1 p e r c e n t  
p e r  year; a  s l o w i n g  t o  2.5 p e r c e n t  p e r  y e a r  i s  f o r e c a s t  f o r  t he  1985-90 
period. The West Germans spent an average o f  84.5 percent o f  t h e i r  incomes i n  
1975. We p r o j e c t  an 84 percent  constant r a t e  f o r  t h e  who le  1980-90 p e r i o d .  
We must s t a t e  a t  t h i s  t i m e  t h a t  t h e  assumptions regarding income are  under 
constant r e v i s i o n  and a r e  h e a v i l y  i n f l u e n c e d  b y  t h e  models p r o j e c t i o n  o f  
unemployment. The assumptions regarding l abo r  a re  discussed l a t e r .  
The p r o j e c t i o n s  o f  f o r e i g n  demands, wh i l e  exogenous t o  t h e  FRG model, a re  
p a r t i a l l y  t h e  r e s u l t s  o f  o t h e r  models i n  t h e  system. S p e c i f i c a l l y ,  t h e  
r e s u l t s  o f  t h e  French, Be lg ian ,  U.S.A. and Canadian models a r e  used. To 
t h e s e  a r e  added assumptions concerning t h e  U.K., I t a l y ,  Dutch, Japanese, and 
the  Rest o f  t h e  World economies. The l i n k e d  economies (France, etc . )  were 
f o r e c a s t  i n t e r a c t i v e l y  and u i t h  t h e  same non-varying ass~!mptions about t h e  
o thers  (U.K, etc.) u n t i  1  i n s i g n i f i c a n t  changes appeared i n  t h e  p r o j e c t e d  
o u t p u t s .  SO, t h e  "assumed" f o r e i g n  demand p r o j e c t i o n s  show a  drop of 0.4 
percent i n  1980-81, a  r i s e  o f  3.5 p e r c e n t  i n  1981-85, and 4.3 p e r c e n t  i n  
1985-90. 
  he p r o j e c t i o n  o f  the  exchange r a t e  i s  based upon two fac tors .  The 
f i r s t  i s  t h a t  we t r y  t o  m a i n t a i n  some sense of t h e  b a l a n c e  o f  t r a d e .  The 
second i s  t h a t  we p r o j e c t  t h e  f o r e i g n l d o m e s t i c  p r i c e  r a t i o s  f r o m  t r e n d s  
est imated h i s t o r i c a l l y .  B u i l t  i n t o  these t rends  i s  t h e  p a s t  r e v a l u a t i o n  o f  
t h e  DM. We have es t imated t h e  e f f e c t s  o f  t he  past DM reva lua t i ons  sector  by 
sector  and subt rac ted  them from the  trends. Thus, t h e  assumpt ion  abou t  t h e  
p r i c e  of f o r e i g n  currency which we make here must, i n  some sense, i nco rpo ra te  
the  past  t r e n d s  i n  t h e  f o r e i g n  c u r r e n c y  p r i c e .  The r e s u l t  i s  an  assumed 
r e v a l u a t i o n  o f  t h e  DM o f  2.8 percent per year i n  1981-85 and 3.3 percent  per  
year i n  1985-90. One must keep i n  mind t h a t  these a re  reva lua t i ons  a g a i n s t  a  
w e i g h t e d  average of t h e  FRG's t r a d i n g  p a r t n e r s  and n o t  j u s t  a g a i n s t  t h e  
do1 la r .  
The f i n a l  major group o f  assumptions i n v o l v e s  employment. The s i z e  o f  
t h e  l a b o r  f o r c e  i s  p r o j e c t e d  t o  r e m a i n  unchanged dur ing  t h e  1979-90 pe r iod  
f o l l o w i n g  a  smal l  drop i n  1975-79. Unemployment appears  as  a n  assumpt ion.  
T e c h n i c a l  l y  i t  i s  a n  outcome o f  t h e  s u b t r a c t i o n  o f  t h e  t o t a l  employment f rom 
t h e  l abo r  fo rce  and, therefore, endogenous t o  the  model. I n  fact,  houever, an 
"unreasonable" unemployment f i g u r e  Leads t o  r e v i  sed e s t i m a t e s  o f  d i  sposab l e  
income and government  e x p e n d i t u r e  and so here unemployment i s  called, as i n  
fact, i t  is, an exogenous assumption. The f o r e c a s t  has unemployment r i s n g  
u n t i l  1983, peaking a t  1.13 m i l l i o n  and then f a l l i n g  t o  .9 m i l l i o n h  1985, and 
f a l l i n g  f u r t h e r  t o  .8 m i l l i o n  i n  1990. 
The l a s t  group o f  assumptions i nvo l ves  c o e f f i c i e n t  changes i n  t h e  energy 
sectors. The across-the-rou change equat ion f o r e c a s t s  were o v e r r i d d e n  f o r  
Electricity, Gas, Coal Mining, and Petroleum refining. The assumed pattern 
(indexes) is as follows: 
S e l l e r  
------ 
e l e c t r i c i t y  
gas 
crude o i l  
r e f  i n i  ng 
r e f i n i n g  
coa 1  
gas 
gas 
Buyer 
a l l  i n t e r m e d i a t e  
a l l  i n t e r m e d i a t e  
a l l  i n t e r m e d i a t e  
a l l  i n t e r m e d i a t e  
e l e c t r i c i t y  
e l e c t r i c i t y  
e l e c t r i c i t y  
p l a s t i c s  
N o t e :  p a t t e r n s  r e f e r r i n g  t o  s p e c i f i c  b u y e r s  have  p r i o r i t y  o v e r  t h o s e  
r e f e r r i n g  t o  a l l  buyers. 
As one can see, we have  imposed a  s c e n a r i o  o f  e l e c t r i c i t y  g e n e r a t i o n  
w h i c h  assumes more emphasis upon coa l  and n u c l e a r  power and l e s s  upon o i l  and 
gas t h a n  would have been t h e  case us ing  t h e  es t imated  across-the-row func t i on .  
I n  addi t ion,  n a t u r a l  gas f e e d  s t o c k s  s o l d  t o  make p l a s t i c s  a r e  h e l d  f i x e d  
since, i n  t h i s  case, gas i s  n o t  a  f u e l  b u t  a  feedstock. 
The Forecast Resu l ts  
T a b l e  1 shows t h e  m a i n  macroeconomic r e s u l t s .  I t  should be emphasized 
t h a t  t h e  numbers shown a r e  mere ly  sums o f  t h e  d e t a i l e d  sec to r  by s e c t o r  f l o w s  
and  hence a r e  n o t  imposed f r o m  above. (The o n l y  excep t i on  i s  t h e  i t e m  f o r  
government  spending.)  As can  be seen, we e x p e c t  e x p o r t s  t o  b e  g r o w i n g  
s i g n i f i c a n t l y  f a s t e r  t han  t o t a l  !.rroduction, and p r i v a t e  consumer expend i tu res  
somewhat s lower  i n  t h e  coming decade. The t a b l e  below shows t h e  ve ry  marg ina l  
s h i f t s  i n  t h e  main GNQ: 

a3 I  
07 I  
O. I  
r l  
a, 
4 
D 
m 
C 
Ln I  
x m  1 
L O .  I  
m r  l
E 
E 
u 1 
- I  
0 I  
.- r I  
a, 
C 
L 
Q, 
3 
PI I  
* Q  I 
DO. I 
6 - 1  
PC E 
G OV 
EX P 
INVESTMENT 
(p lant  & Equi pment) 
Percent of GNP 
1975 
---- 12a 
50 .4 49 .5 
29.2 29.5 
22.8 24.4 
19.8 19.3 
Components predicted by the  model. 
Some highlights of the sectoral details are shown below: 
Agr icu l ture  
O i l  r e f i n i n g  
Machinery 
- T e x t i l e s  
Construction 
R e t a i l  t rade  
Banki ng 
Agr icu l ture  
Nachi nery 
Tex t i  l e s  
Trade 
Banking 
Government 
Sum of Percent o f  Gross Outputs 
1972 120 12% 
3 -29 2 -92 2.57 ' 
1.61 1.54 1.20 
4 -38 4 -33 4.34 
1.55 1.38 1 -22 
7 -06 6 -60 4.20 
3 -83 3 -80 3 -79 
1.92 2.05 . 2 -26 
Percent o f  Tota l  Employment 
12Z2 ---- 1980 1229 
7.15 5 -62 3 -53 
4.48 4.57 4.46 
1.57 1.29 0 -85 
12.48 12.22 11 -39 
1.92 2 -26 3 -03 
13.78 15 -91 20.86 
As one can see from these tables, employment i s  mov ing  s t r o n g l y  t o w a r d  
t h e  s e r v i c e  s i d e  o f  t h e  economy, u h i l e  t h e  o u t p u t  measures show no such 
p ronounced  t r e n d .  To be sure, f o r  ou tpu t ,  u e  see r e l a t i v e  d e c l i n e s  i n  
A g r i  c u l t u r e  and T e x t  i l e s  and an inc rease  i n  Banking services; on t h e  o t h e r  
hand, bo th  Machinery 's  and Trade's p r o p o r t i o n  o f  t h e  t o t a l  r e m a i n  r e m a r k a b l y  
c o n s t a n t .  For  employment, A g r i c u l t u r e ' s  and T e x t i l e ' s  p r o p o r t i o n  i s  halved, 
u h i l e  Government's share i s  p r e d i c t e d  t o  r i s e  by n e a r l y  50 percent.  
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A DESCRIPTION OF THE BELGIAN 
INFORUM MODEL 
D. Vanwynsberghe 
This input-output model was constructed along standard 
Inforum lines and has been in use since 1 9 7 6 .  It considers 
5 2  sectors, for which an input-output table for the year 1 9 7 0  
is available. Final demand is separated into six sectors each 
of which has its own commodity classification. Econometric 
equations based on time-series data starting in 1 9 6 0  are used 
to derive 59  personal consumption functions, 35  export functions, 
35  import functions, and 3 6  inventory functions. 
Investment is divided into two parts, which leads to 7 2  
investment functions- for 36  industries aggregated over 5 2  sec- 
tors. The same aggregated industries are used in the employment 
functions. 
The main exogenous variables are: 
. Disposable income per capita 
. Labor supply 
. Rate of savings in national income 
. Two categories of government expenditure (disaggregated 
by sector) 
. Aggregated data on foreign demand (for 1 0  commodities) 
. Exchange rate 
The model generates a solution in constant prices, and 
therefore requires only information on relative prices, i.e. 
indices of the growth in prices treated with the GDP price 
deflator. At present it assumes that foreign trade shares 
remain constant, which means that structural changes in the 
environment of the Belgian economy cannot be taken into account. 
The most important part of the model is that dealing with 
foreign prices. The international market is split into four 
groups, the first consisting of the U.S.A. and-~anada, the 
second of Japan, the third of the F.R.G., France, the U.K. and 
the Netherlands, and the fourth of all countries other than 
those already mentioned. 
The study of foreign trade between Belgium and these four 
'regions' is based on 1961-1975  import and export data for 1 1 9  
commodities, which can easily be aggregated to represent 35 
sectors. This data is used to construct market share matrices 
which are assumed to be constant over time, and aggregate prices 
are calculated for exports and imports. 
Domestic prices are derived using equations based on the 
cost of goods and prices for competitive and complementary im- 
ports. 
The export prices depend on whether the country of origin 
is a price-taker or a price-maker. In the first case the export 
price is a function of the prices charged by competitors and of 
lagged dependent variables, in the second case it is a function 
of wholesale prices and lagged dependent variables. 
PART I1 
WORK ON MODELING 
OF PERSONAL CONSUMPTION EXPENDITURE 
A CROSS SECTION AND TIME-SERIES 
ANALYSIS OF HOUSEHOLD CONSUMPTION 
P. Devine 
T h i s  paper desc r ibes  a  system o f  equa t ions  f o r  f o r e c a s t i n g  pe rsona l  
c o n s u m p t i  o n  e x p e n d i t u r e s .  These e q u a t i o n s  a r e  u n i q u e  i n  t h a t  t hey  
i n c o r p o r a t e  a l l  o f  t h e  f o l l o w i n g  i n f o r m a t i o n :  
S i ze  D i s t r i b u t i o n  o f  Income - Because r i c h  and poor  households do n o t  
----I-- ---------------- 
consume i n  a  s i m i l i a r  fashion, i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  o f  
i ncome ( a n d  n o t  j u s t  i t s  a v e r a g e  v a l u e )  i s  i n c l u d e d  i n  t h e  
e q u a t i o n s .  
Aoe S t r u c t u r e  o f  t h e  Popu la t i on  - The equa t ions  t r e a t  i n d i v i d u a l s  o f  
.................... ------- 
d i f f e r e n t  ages d i f f e r e n t l y  b y  a s s i g n i n g  t o  separa te  age groups 
r e l a t i v e  w e i g h t s  f o r  each  c o n s u m p t i o n  i t e m .  
Demwrspbhs Comgosi ti,o_n - The s t r u c t u r e  of t h e  h e r i  can household i s  - 
changing i n  ways t h a t  i n f l u e n c e  consumption p a t t e r n s :  One and t u o  
member households a r e  increasing, t h e  e d u c a t i o n a l  l e v e l  i s  r i s i ng ,  
p o p u l a t i o n  i s  m i g r a t i n g  f rom t h e  n o r t h e r n  s e c t i o n s  o f  t h e  country, 
and more househo lds  have t w o  wage e a r n e r s .  These demograph ic  
c h a n g e s  a f f e c t  c o n s u m p t i o n  i t e m s  d i f f e r e n t l y .  The comoined 
e f f e c t s  o f  these d e m o g r a p h i c  c h a n g e s  a r e  i n c l u d e d  i n  t h e  
c o n s u m p t l  o n  equations. 
R e l a t i v e  P r i c e s  - The system of equat ions  a l l o w s  f o r  a  g r e a t  d e a l  o f  
------------ 
f l e x i b i  li t y  u i  t h  r e g a r d  t q  p r o d u c t  s u b s t i  t u t a b i  li t y  a n d  
c o m p l e m e n t a r i t y .  
To measure the  magnitude o f  t h e  demographic and economic i n f  Luences 
on consumption requ i  red t h a t  bo th  t ime-ser ies and cross-sect ion d a t a  be 
u t i l i z e d .  Because o f  t h e  w ide  v a r i e t y  o f  households i n  t h e  sample, 
cross-sect ion data p rov ide  a p e r f e c t  enviroment i n  which t o  measure t h e  
e f f e c t s  o f  househo ld  composi t i  on o n  consumption pat ter rns.  However, 
cross-sect ion da ta  a re  no t  o v e r l y  u s e f u l  when one uants t o  e s t i m a t e  t h e  
p r i c e  e f f e c t s  t h a t  w i l l  b e  u s e d  t o  shape l o n g  r u n  f o r e c a s t s  o f  
consumption. T ime -se r i es  data, on t h e  o t h e r  hand, can be used f o r  
measuring p r i c e  e l a s t i c i t i e s  bu t  not  f o r  measuring t h e  e f f e c t s  o f  s l ow l y  
moving demographic v a r i a b l e s .  Si.nce n e i t h e r  data source a lone uou ld  
have suff iced, b o t h  were used, w i t h  each c o n t r i b u t i n g  t h e i  r s p e c i a l  
a t t r i b u t e s  t o  t h e  f o r m u l a t i o n  o f  t h e  f i n a l  system o f  equations. 
The equa t i ons  have been est imated f o r  77 components o f  US personal  
consumption expendi tures and a re  used i n  t h e  I npu t -Ou tpu t  o f  t h e  U. S. 
model developed by t h e  INFORUM pro jec t .  
T h i s  paper  i s  i n  f o u r  s e c t i o n s .  The f i r s t  sec t ion  descr ibes  t h e  
c r o s s - s e c t i o n  a n a l y s i s  i n  w h i c h  t h e  d e m o g r a p h i c  i n f l u e n c e s  o n  
consumpt ion were measured. The second s e c t i o n  o u t l i n e s  t h e  t r a n s i t i o n  
t h a t  was necessary i n  go ing  f r o m  t h e  c r o s s - s e c t i o n  r e s u l t s  t o  u s e f u l  
t i m e - s e r i e s  v a r i a b l e s .  The t h i r d  s e c t i o n  d e s c r i b e s  t h e  form o f  t h e  
t ime-series consumption funct ion,  Resul ts o f  t he  d i f f e r e n t  e s t  i m a t i  ons 
appear i n  the f o u r t h  sect ion.  
CROSS-SECTION 
------------- 
The o b j e c t i v e  o f  t h e  c r o s s - s e c t i o n  a n a l y s i s  i s  t o  measure t h e  
e f f e c t s  o f  b o t h  i n c o m e  and d e m o g r a p h i c  i n f l u e n c e s  on househo ld  
consumption, The ana l ys i s  a l lows  nQ t  on ly  f o r  the  e f f e c t s  o f  income and 
number o f  household members, b u t  a l s o  f o r  such i n f  Luences as  t h e  age 
s t r u c t u r e  o f  h ~ u s e h o l d  members, reg ion ,  l a b o r  f o r c e  p a r t i c i p a t i o n  of 
spouses, and educat ion.  
Apart  f rom t h e  f a c t  t h a t  demographic v a r i a b l e s  have a n a t u r a l  p l a c e  
i n  t h e  i n v e s t i g a t i o n  o f  c ross-sec t ion  consumption data, t h e  reason f o r  
s t u d y i n g  t h e i r  e f f e c t s  i s  t o  a c q u i r e  i n f o r m a t i o n  t h a t  c a n  h e l p  t o  
e x p l a i n  t ime-se r ies  consumption behavior .  Since t h e  demographic make-up 
o f  t h e  p o p u l a t i o n  c o n t r i b u t e s  t o  t h e  d e t e r m i n a t i o n  o f  p e r s o n a l  
consumption expenditures, i t  i s  necessary t o  account f o r  changes i n  t h e  
demograph i  c  p r o f  i l e  t h a t  o c c u r  th rough time. These changes, hwever, 
a r e  many and slow; i t  i s  t h e r e f o r e  imposs ib le  t o  i d e n t i f y  t h e i r  complex 
i n t e r a c t i o n s  b y  u s i n g  o n l y  t ime-ser ies  data. Cross-sect ion data, on t h e  
o t h e r  hand, p r o v i d e  a v e r y  r i c h  source o f  i n f o r m a t i o n  on t h e  demographic 
i n f l u e n c e s  o n  consumption, For t h i s  reason, i f  t h e  e f f e c t s  o f  c h a n g i n g  
compos i t ion  o f  t h e  p o p u l a t i o n  a r e  t o  be accounted f o r  i n  t h e  t ime-ser ies  
ana l y s i  s  o f  consumption, t h e  magnitude o f  t h e  demographic e f f e c t s  must 
be measured by u s i n g  c ross -sec t i ona l  data, 
The t h e o r y  of t h e  consumer t e l l s  us t h a t  a consumer's demand f o r  a 
commodi t y  depends b o t h  u p o n  h i s  income and upon pr ices ,  In add i t ion ,  
t h e  demand f o r  a c o m m o d i t y  m i g h t  w e l l  d e p e n d  u p o n  d e m o g r a p h i c  
c h a r a c t e r i s t i c s  o f  t h e  consumer. Ue c a n  w r i t e  t h e  g e n e r a l  demand 
f u n c t i o n  f o r  commodity i as 
C, = f ( Y ,  P1, .... P, D1,--*,D L 
uhere  
C i  i s  t h e  q u a n t i t y  o f  t h e  ith good decanbed, 
Y i , s  income, 
PI t h rough  Pm a r e  t h e  p r i c e s  o f  a l l  goods, and 
Dl t h rough  DL a r e  demographic var iab les .  
I n  a  c r o s s - s e c t i o n a l  analys is ,  however, a1 1  consumers f a c e  e s s e n t i  a 1  l y  
t h e  same p r i c e s .  There fo re ,  d i f f e r e n t  p a t t e r n s  o f  consumption among 
consumers a r e  t h e  r e s u l t  o f  d i f f e r e n c e s  i n  i ncome and d e m o g r a p h i c  
c h a r a c t e r i s t i c s  alone. I f  ue consider  p r i c e s  as be ing  constant,  ue can 
r e w r i t e  e q u a t i o n  (1) as  
Therefore, c ross -sec t i on  da ta  p rov ides  a  f rameuork i n  u h i  c h  u e  can  
s t u d y  t h e  e f f e c t  o f  i n c o m e  a n d  d e m o g r a p h i c  c h a r a c t e r i s t i c s  o n  
consumpt ion u i t h o u t  h a v i n g  t o  a c c o u n t  e x p l i c i t l y  f o r  t h e  e f f e c t  o f  
p r ices .  
The t a s k  a t  h a n d  i s  t o  s p e c i f y  a  f u n c t i o n a l  form f o r  e q u a t i o n  (2) 
which i s  f l e x i b l e  enough t o  be used as t h e  c o n s u m p t i o n  f u n c t i o n  f o r  a  
l o n g  l i s t  o f  goods, ( T a b l e  1 c o n t a i n s  a  c o m p l e t e  l i s t i n g  o f  t h e  50 
separate commodi t i e s  under i nves t i ga t i on , )  The f u n c t i o n  s h o u l d  b e  a b l e  
t o  r e p r e s e n t  t h e  demand f o r  l u x u r y  i terns, necess i t ies ,  o r  even i n f e r i o r  
goods. I t  shou ld  a l s o  i n c o r p a r a t e  demographic i n f l u e n c e s  i n  a  s t r a i g h t  
f o r u a r d  manner, 
The f o r m  o f  t h e  c  r o s s - s e c t i  on consumption f u n c t i o n  used, designed 
u i t h  t h e  above requ i remen ts  as a  guide, i s  as f o l l o u s :  
uhere 
C. = household consumption o f  good i 1 
Y = t he  amount o f  per  cap i t a  household income w i t h i n  
j income category j. (An expanded d e s c r i p t i o n  f o l  LOWS.) 
D = a  zero/one dummy va r i ab le  used t o  show i n c l u s i o n  
j i n  a  demographic group 
N = t he  number o f  household members i n  age category g  
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K = t he  number o f  income groups 
L = t he  number o f  demographic categor ies  
G = t h e  number o f  a  age group 
a,b,d,u = parameters t o  be estimated. 
Incorpora ted  i n t o  equa t ion  (3)  a r e  t h r e e  s p e c i  a1 f e a t u r e s .  The 
f i r s t  i s  t h e  t r e a t m e n t  o f  t h e  r e l a t i o n s h i p  b e t w e e n  income and 
consumption, t h e  second i s  t h e  method used t o  measure t h e  e f f e c t s  o f  
demographic v a r i a b l e s  and, t h e  t h i r d  f e a t u r e  i s  t h e  way i n  which the  
e q u a t i o n  a c c o u n t s  f o r  t h e  age s t r u c t u r e  o f  t h e  h o u s e h o l d .  These  
s e p a r a t e  f e a t u r e s  w i l l  be discussed i n  turn, bu t  f i r s t ,  a  few comments 
about t h e  equa t ion  as a  whole a re  i n  order. 
The consumption f u n c t i o n  can be v iewed as  e x p l a i n i n g  househo ld  
consumpt i  on as  t h e  product  o f  two components -- c o n s u p t i o n  per  person 
and t h e  ' s i z e 8  o f  t h e  household. The c o n s u m p t i o n  p e r  p e r s o n  i s  
d e t e r m i n e d  b y  t h e  l e v e l  o f  income p e r  p e r s o n  and t h e  demographic 
c h a r a c t e r i t i c s  o f  t h e  household. ( T h i s  consumpt ion  p e r  p e r s o n  i s  
r e p r e s e n t e d  by  t h e  e x p r e s s i o n  w i t h i n  t h e  f i r s t  p a i r  o f  parentheses o f  
equat ion (3)  .) The # s i z e 1  o f  t h e  household v a r i e s  by  commodity. 'This 
' s i z e 1  depends n o t  on l y  on t h e  number o f  members o f  t h e  household, bu t  
a l so  on t h e  s p e c i f i c  age d i s t r i b u t i o n  o f  t h e  members a s  w e l l .  (The 
' s i z e 8  i s  r e p r e s e n t e d  a s  t h e  s u m m a t i o n  i n  t h e  s e c o n d  p a i r  o f  
pa ren thes i s . )  The consumpt ion  f u n c t i o n  ( 3 )  c a n  b e  v i e w e d  as a n  
expans ion  o f  a  s i m p l e  equat ion which re l a tes  per person consunpt ion t o  
per person income, such as 
where N i s  t h e  number o f  members i n  t he  household. To t h i s  s i m p l e  f o r m  
we have added demographic c h a r a c t e r i s t i c s  t o  f ( - 1  and genera l i zed  on t h e  
s i z e  o f  t h e  f a m i l y ,  n, t o  make i t  a f u n c t i o n  o f  number o f  members i n  
separate age categories, say g(n, ,. . .,n 1. For convience, t he  e q u a t i o n  
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i s  t h e n  u r i t t e n  i n  p r o d u c t  f o rm .  T h a t  is ,  e q u a t i o n  (31 can be 
represented as 
Th is  formulat ion; therefore, keeps i n t a c t  t h e  c o n v e n t i o n a l  n o t i  on  o f  
r e l a t i n g  per  c a p i t a  expendi tures t o  per  cap i t a  income, 
The component p i e c e s  o f  e q u a t i o n  ( 3 )  u i l l  nou be d i s c u s s e d  i n  
de ta i l ,  s t a r t i n g  u i t h  t h e  per  cap i t a  p o r t i o n  o f  t h e  equat ion (income and 
demographic c h a r a c t e r i s t i c s )  and t h e n  t h e  age d i s t r i b u t i o n  o f  t h e  
household. 
Consumetion As A Funct ion o f  Income 
--- .......................... 
Consumption has been r e l a t e d  t o  income i n  a  number o f  f a s h i o n s .  
1 Broun and Deaton, i n  t h e i r  f i n e  survey o f  models o f  consumer behavior  , 
discuss f ou r  p o s s i b l e  candidates f o r  Engel Curve analysis.  They a re  the  
doub le  l o g r i t h m i c ,  s e m i - l o g r i  t h m i c ,  l o g - r e c i p r o c a l ,  and  l i n e a r  
f u n c t i o n a l  forms. Each i s  t h o u g h t  t o  have s p e c i a l  m e r i t  i n  c e r t a i n  
circumstances. For goods u i  t h  i nco~ t l e  e l a s t i c i t i e s  L?ss t h ~ n  u n i t y ,  
O r o ~ n  a r ~ d  D e a t o n  recommend t h e  s e m i - L o g r i ' i h z i c  f o r z .  \!hen t h e  
e l a s t i c i t y  i s  c lose t o  uni ty,  t he  l i n e a r  f o rm  i s  recommended and when 
income e l a s t i c i t e s  a r e  g r e a t e r  t h a n  un i t y ,  t h e  doubie l o g r i t h m i c  (o r  
. 
constant e l a s t i c i t y )  'form i s  considered usefu l .  f o r  goods t h a t  approach 
s a t u r a t i o n  levels,  t h e  log - rec ip roca l  form i s  suggested. 
The suggest ions o f  Broun and Deaton i n d i c a t e  t h a t  t h e  f u n c t i o n a l  
form used t o  r e l a t e  consumpt ion  t o  income should be t a i l o r e d  t o  match 
t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  o f  e a c h  c o m m o d i t y  u n d e r  s t u d y .  
Therefore ,  no s i n g l e  form among t h e  f o u r  f u n c t i o n a l  forms discussed i s  
f l e x i b l e  enough t o  be used i n  t h e  i n v e s t i g a t i o n  o f  t h e  50 comrnodi t i e s ,  
For t h i s  reason, a  more gene ra l ' f o rm  f o r  t h e  Engel curve i s  proposed, 
We w i l l  c a l l  t h i s  f u n c t i o n a l  f o r m  t h e  P i e c e w i s e  L i n e a r  Engel Curve, 
As t h e  name impl ies,  t h e  curve i s  made up of l i n e a r  segments o v e r  s p e c i f i e d  
income ranges. The s lope o f  t h e  segments a r e  a l lowed t o  d i f f e r  f o r  d i f f e r e n t  
income ranges b u t  w i t h  t h e  r e q u i r e m e n t  t h a t  t h e  curve be continuous, 
F igure 1 d e p i c t s  a Piecewise L i nea r  Engel Curve f o r  t h e  case where f i v e  
income bracke ts  a r e  considered- 
The p r i n c i p t e  advantage o f  t h  P iecev ise L i nea r  Engel Curve i s  t h e  
f l e x i b i l i t y  t h a t  i t  possesses. The curve can be l i k e n e d  f c r  a  r o d  t h a t  
has f l e x i b l e  j o i n t s  a t  f ' i x e d  i n t e r v a l s  -- such a  r o d  (curve) can be 
t ransformed i n t o  a myr iad of shapes. Therefore ,  t h e  P i e c e u i s e  L i n e a r  
Enge l  Curve can a p p r o x i m a t e  q u i t e  c l o s e l y  each o f  t h e  f o u r  f u n c t i o n a l  
forms l i s t e d  above. T h i s  f l e x i b i l i t y  a l l o w s  us  t o  use  j u s t  t h i s  one 
f u n c t i o n a l  f o r m  y e t  r e a p  t h e  b e n e f i t s  t h a t  uou ld  accrce from f i t t i n g  
d i f f e r e n t  f u n c t i o n a l  forms t o  d i f f e r e n t  commodities. 
To represent  t h e  P ieceu ise  L i n e a r  Enge l  Curve a l g e b r a i c a l l y ,  ue  
must f i r s t  d e f i n e  8. t o  be t h e  upper bound f o r  t he  jth income bracket .  
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For example, i f  we cons ider  t h e  lowest income b r a c k e t  t o  b e  f rorn SO t o  
$5,000, t h e n  8, u o u l d  be  55,000. Ue can now represent  t h e  P ieceuise 
L i nea r  Engel Curve (he rea f t e r  PLEC) f o r  good i as 
Y = household income 
K = t h e  number o f  income brackets. 
B i s  d e f i n e d  t o  be zero and Bk as i n f i n i t y .  0 
F o r  a household w i th  an income o f  Y, the Y .  v a r i a b l e s  a r e  d e f i n e d  
J 
t o  be t h a t  amount of income the household holds i n  each income bracket. 
That is, fo r  brackets belou the bracket i n  uhich the household's income 
l i e s ,  t h e  amount o f  income held ( the value of Y's1 i s  equal t o  the f u l l  
range o f  income i n  t h a t  bracket. For example, suppose a household has 
an income o f  512,000. Then t h i s  household would hold 55,000 i n  the  
bracket defined by 55,000 t o  510;OOO. The amount of  income h e l d  by t h e  
household i n  brackets above the one i n  which t h e i r  income l i e s  i s  zero. 
U i t h i n  t h e i r  income bracket, the household h o l d s  t h a t  amount by which 
i t s  income exceeds t h e  lower bound o f  t h e  bracket .  Consider t h e  
fo l l ow ing  example where there are f i v e  income brackets. Let 
B5 = i n f i n i t y  
The f o l l o w i n g  t a b l e  gives the values o f  the f i v e  Y var iab les f o r  four  j 
f a m i l i e s  w i th  d i f f e r e n t  incomes. 
Table 2 
FAMILY Y y1 
- 
2 
- 
Y3 
-
Y4 
-
Ys 
- 
1 3,000 3,000 0 0 0 0 
2 12,000 5,000 5,000 2,000 0 0 
3 18,000 5,000 5,000 5,000 3,000 0 
4 27,000 5,000 5,000 5,000 5,000 7,000 
The b. parameters i n  equation (51 correspond t o  t h e  s lopes  o f  t h e  3 
PLEC i n  the d i f f e r e n t  income brackets. To see t h a t  t h i s  i s  so, consider 
the  income de r i va t i ve  o f  equation (51. 
where B < Y < BJ J-1- - 
S i n c e  
The s l o p e s  o f  t h e s e  E n g e l  c u r v e s  t e l l  u s  what p r o p o r t i o n  o f  an 
a d d i t i o n a l  d o l l a r  o f  income i s  d e v o t e d  t o  t h e  consump t i on  o f  good i, 
L e t  u s  dub t h i s  p r o p o r t i o n  t h e  S p e c i f i c  P ropens i t y  t o  Consume (o r  t h e  
SPC) on good i, That i s  
The term " s p e c i f i c "  i s  used s ince  t h e  p ropens i t y  t o  spend on a  good u i l l  
va ry  from good t o  good, For example, an a d d i t i o n a l  d o l l a r  o f  income may 
lead  t o  an i nc rease  o f  e x p e n d i t u r e  o f  t e n  c e n t s  o n  f o o d  b u t  o n l y  an  
a d d i t i o n a l  t u o  c e n t s  on alcohol ,  (Th is  concept should n o t  be confused 
e i t h e r  w i t h  t h a t  o f  income e l a s t i c i t y  o r  w i t h  t h a t  o f  t he  t o t a l  marg ina l  
p ropens i t y  t o  consume, a l though i t  i s  s i m i l a r  t o  both,) 
The advantage o f  t h e  PLEC i s  no t  j u s t  t h a t  t h e  SPC v a r i e s  from good 
t o  good bu t  a l s o  t h a t  t he  s p e c i f i c  p r o p e n s i t y  t o  consume a  p a r t i  c u l a r  
good need n o t  be t h e  same f o r  d i f f e r e n t  Sncome groups. T h i s  d e s i  r a b l e  
f e a t u r e  i s  o b v i o u s l y  t h e  r e s u l t  of a l l o u i n g  t h e  s l o p e  o f  t h e  E n g c l  
c u r v e  t o  va ry  over income bracketsm 
Throughout t h e  above d iscuss ion  o f  t h e  Piecewise L i nea r  Engel Curve 
ue have repeated ly  r e f e r z d  t o  household inccze, The p rec i se  form o f  t he  
income v a r i a b l e  used i s  t h i s  study, houever, i s  p e r  c a p i t a  t o t a l  
e x p e n d i t u r e s  f o r  t h e  househo ld .  Tha t  i s ,  ue make t h e  f o l l o w i n g  
d e f i n i t i o n  
where 
Ci = household expendi ture  on good i 
M = t h e  number o f  commodities 
N = t h e  number o f  members i n  t h e  household. 
Idea l ly ,  t he  l e v e l  o f  household consumption would be r e l a t e d  t o  L e v e l s  
of cu r ren t  and past  incomes as w e l l  as t o  household wealth. However, i t  
i s  d i f f  i c u l t  i n  t h e  cross-sect ion t o  account f o r  e i t h e r  pas t  income o r  
f o r  wealth. Brown and Deaton comment t h a t  
"S ince  on  a  c r o s s - s e c t i o n  o f  househo lds  w e a l t h  i s  i n  g e n e r a l  
p o s i t i v e l y  c o r r e l a t e d  w i t h  cu r ren t  income, t h e  c a l c u l a t i o n  o f  Engel 
c u r v e s  w i t h o u t  a l  Lowance f o r  t h e  separate i n f  Luence o f  weal th  i s  
l i k e l y  t o  be mis lead ing i f  t h e  r e l a t i o n s h i p  i s  used f o r  p r e d i c t i o n  
through time, s ince  a  sudden inczease i n  income w i l l  no t  be matched 
by a  s i m i l a r  increase i n  wealth, 
S ince  t h e  purpose  o f  t h i s  c r o s s - s e c t i o n  a n a l y s i s  i s  i n d e e d  t o  
o b t a i n  Engel curves t h a t  w i l l  be used i n  t he  examination of t i m e - s e r i e s  
consumpt ion  p a t t e r n s ,  we seek t o  a v o i d  t h e  prob lems assoc ia ted w i t h  
u s i n g  c u r r e n t  income w i t h o u t  a c c o u n t i n g  f o r  e i t h e r  w e a l t h  o r  p a s t  
incomes by  u s i n g  t o t a l  expendi tures.  The e f f e c t s  o f  cu r ren t  and pas t  
incomes, as w e l l  as t h e  e f - fec t  o f  weal th,  w i  LL j o i n t  Ly d e t e r m i n e  t h e  
Level  of t o t a l  household expenditures. Suppose, f o r  example, ue cbserve 
i n  t h e  c r o s s - s e c t i o n  a  weal thy household w i t h  a  h i s t o r y  o f  h i gh  inccxe 
experiencing, f o r  whatever reason, a  p e r i o d  o f  Lou income, We wou ld  
e x p e c t  i n  t h i s  case t h a t  t h e  L e v e l  o f  t o t a l  e x p e n d i t u r e s  w i l l  have 
dec l i ned  t o  a  Lesser degree than cur ren t  income because t h e  househo ld  
views t h e  p e r i o d  o f  low income t o  be t r a n s i t o r y .  
An a d d i t i o n a l  d i f f i c u l t y  w i t h  u s i n g  income as  t h e  e x p l a n a t o r y  
v a r i a b l e  i n  t h e  Engel  c u r v e s  i s  e x p l a i n i n g  t h e  p r o p o r t i o n  o f  income 
d e v o t e d  t o  sav ings ,  I n  t h e  cross-section, t h e r e  i s  a  s t rong  p o s i t i v e  
c o r r e l a t i o n  between t h e  l e v e l  o f  income and t h e  average  p r o p e n s i t y  t o  
save, The same c o r r e l a t i o n  i s  n o t  e v i d e n t  i n  t h e  h i s t o r i c a l  data, 
Average incomes have increased s u b s t a n t i a l l y  over  t ime  w h i l e  t h e  savings 
r a t e  has remained rough ly  constant  and even  f a l l e n  s l i g h t l y  i n  r e c e n t  
years ,  Therefore, us ing  Engel curves f i t t e d  w i t h  income, as opposed t o  
t o t a l  expend i t u re ,  wou ld  r e s u l t  i n  a n  o v e r p r e d i c t i o n  o f  s a v i n g s  i n  
p e r i o d s  when average incomes a r e  h i g h  and an unde rp red i c t i on  o f  savings 
when average incomes a r e  Lou. 
The E f f e c t  o f  Dernogrm~hi c  Var iab les  
-------------- 
The most g e n e r a l  method f o r  a l l o w i n g  demographic  v a r i a b l e s  t o  
i n f l uence  consumption p a t t e r n s  would be t o  es t imate  separate consumption 
e q u a t i o n s  f o r  each demographic  c a t e g o r y ,  T h i s  w o u l d  a l l o w  e a c h  
demograph i c  g r o u p  t o  have  i n t e r c e p t s  and s p e c i f i c  p r o p e n s i t i e s  t o  
consume out  of income t h a t  - a r e  d i s t i n c t  f rom t h o s e  o f  a l l  t h e  o t h e r  
demographic groups. Th is  approach has t h e  obvious problem o f  having t o  
est imate a  ve ry  Large number c j f  separate equations. (Consider t h e  case 
uhere t h e r e  a re  fou r  regions, f ou r  fami!y sizes, two educa t iona l  levels, 
and w o r k i n g  and non-work ing spouses. To c o m p l e t e l y  c a t e g o r i z e  t h e  
p o p u l a t i o n ,  we w o u l d  n e e d  64  s e p a r a t e  g r o u p s . )  E v e n  i f  t h e  
c r o s s - s e c t i o n a l  da ta  Mere s u f f i c i e n t l y  r i c h  t o  a l l ow  f o r  t h i s  method o f  
account ing f o r  demographic e f fec ts ,  sev9re d i f f i c u l t i e s  uou ld  a r i s e  when 
ue a t tempted t o  i n c o r p o r a t e  t h e  r e s u l t s  i n t o  t h e  t i m e - s e r i e s  a n a l y s i  s. 
M i  t h  s e p a r a t e  equations, we would need t o  know t h c  pas t  and f u t u r e  s i z e  
and income d i s t r i b u t i o n  o f  each demographic group. 
The procedure  adopted f o r  t h i s  st.udy a l l o u s  o n l y  t h e  i n t e r c e p t  o f  
t h e  P i e c e w i s e  L i n e a r  E n g e l  c u r v e s  t o  b e  d i f f e r e n t  f o r  d i f f e r e n t  
demograph ic  groups.  T h i s  assumes t h a t  t h e  e f f e c t  o f  d e m o g r a p h i  c 
v a r i a b l e s  i s  t o  s h i f t  t h e  e n t i  r e  c u r v e  upwards, o r  downuards, i n  a 
p a r a l l e l  f a s h i o n .  T h e r e f o r e ,  a l l  demograph ic  g r o u p s  have  t h e  same 
s p e c i f i c  p r o p e n s i t i e s  t o  consume o u t  o f  income. T h i s  i s  accompl ished i n  
t h e  u s u a l  f a s h i o n  b y  c r e a t i n g  zero-one dummy v a r i a b l e s  t o  i n d i c a t e  
i n c l u s i o n  w i . t h i n  v a r i o u s  d e m o g r a p h i c  c a t e g o r i e s .  W i t h  t h i s  
mod i f i ca t i on ,  we can r e w r i t e  t h e  consumption f u n c t i o n  as: 
u here  
( 1 i f  t h e  household i s  a member o f  t h e  
D = I jth demograhic group j ( 0 o the rw ise  
L = t h e  number o f  demographic c a t e g o r i e s  
C o n s i d e r  a s p e c i f i c  exan tp le  o f  e q u a t i o n  (10) where t h e  o n l y  
demographic v a r i a b l e s  i n c l u d e d  a r e  r e g i o n  and t h e  e d u c a t i a n a l  s t a t u s  o f  
t h e  household head. Then ue c o u l d  w r i t e  (10) as: 
where 
S - i s  1 i f  t h e  household l i v e s  i n  t h e  South, 0 otherwise 
NC - . i s  1 i f  t he  household l i v e s  i n  t h e  Nor th  Cen t ra l  Region, 
O otherwise 
U - i s  1 i f  t he  household l i v e s  i n  t h e  West, O otherwise 
E - i s  1 i f  t h e  household head i s  a co l l ege  graduate, 
O otherwise, 
T h i s  example i 1  l u s t  r a t e s  t u o  p r o p e r t i e s  o f  t h e  proposed technique. 
F i rs t ,  a  separate dummy v a r i a b l e  i n d i c a t i n g  t h a t  househo lds  r e s i d e  i n  
t h e  Nor theast  o r  a  dummy v a r i a b l e  i n d i c a t i n g  t h a t  t h e  household head has 
l e s s  t h a n  a c o - l l e g e  l e v e l  educa t i on  have n o t  been included, I f  these 
v a r i a b l e s  had been included, t h e r e  uou ld  be  p e r f e c t  m u l t i c o l l i n e a r i t y  
be tween t h e  s e t  o f  v a r i a b l e s  i n d i c a t i n g  r e g i o n  and t h e  s e t  o f  v a r i a b l e s  
i n d i c a t i n g  educa t iona l  a t t a i nnen t  (as w e l l  as w i t h  t h e  c o n s t a n t  te rm) .  
Therefore, t he  constant  term 'a1 represents  t h e  i n t e r c e p t  o f  a  household 
r e s i d i n g  i n  t h e  N o r t h e a s t  whose head does n o t  have a  co t lege  degree, 
Househo lds  t h a t  l i v e  i n  d i f f e r e n t  reg ions,  o r  who h a v e  a  c o l l e g e  
e d u c a t e d  househo ld  head, have an  i n t e r c e p t  t h a t  i s  t h e  sum of  t h e  
- 
constant  term 'a8 and t h e  appropr ia te  demographic c o e f f i c i e n t s ,  
The second p rope r t y  o f  t h e  technique used t o  measure t h e  i n f l uences  
of d e n o g r a h i c  c h a r a c t e r i s t i c s  i s  t h a t  n o  p r o v i s i o n  i s  made f o r  
i n t e r a c t i o n  b e t u e e n  t h e  v a r i a b l e s .  The e f f e c t s  o f  t h e  d i f f e r e n t  
demograhic v a r i a b L e s  a r e  assumed t o  be a d d i t i v e .  F o r  example, t h z  
e f f e c t  o f  h a v i n g  a  c o l  l e g e  educa t i on  o r  t h e  consumption o f  tobacco i s  
e x a c t l y  t h e  sane f o r  a l l  r e g i o n s ,  T h i s  assump t i on  i s  made f o r  two  
reasons. F i r s t ,  i f  we were t o  a l l ow  f o r  f u l l  i n t e r a c t i o n  between t h e  
d ~ n o g r a p h i c  groups, a  l a r g e  number o f  a d d i t i o n a l  pa rame te rs  u o u l d  need 
xu be es t ima ted .  Second, and most  i m p o r t a n t ,  i s  t h e  f a c t  t haz  the  
t r ~ n s j t i c n  from the  cross-sect ion t o  t h e  t i f i e - se r i es  u o u t d  be made f a r  
more d i  f f i c u l t  i f i n t e r a c t i o n  terms uere  included. To i nco rpo ra te  t he  
i n t e r a c t i o n  terms i n t o  t h e  t ime-ser ies  u o u l d  r e q u i r e  t h a t  u e  know t h e  
h i s t o r i c a l  s i z e  o f  more n a r r o u l y  d e f i n e d  demographic  groups.  For  
example, we may uant c o l  lege educated house h o l d s  u  i t h  u o r k i  ng spouses 
l i v i n g  i n  t h e  Nor th  Cent ra l  r eg ion  t o  have t h e i r  own spec ia l  i n t e r cep t .  
If t h i s  uere  t h e  case, we would need t o  f i n d  ou t  how many hauseholds f i t  
t h i s  d e s c r i p t i o n  over t ime -- a  d i f f i c u l t  task, a t  best. (One method of 
o b t a i n i n g  t h i s ' d a t a  wou ld  be t o  use  t h e  m a r g i n a l  t o t a l s  i n  t h e  R A S  
b a l a n c i n g  app roach ,  s t a r t i n g  w i t h  a  t a b l e  o b t a i n e d  f r o m  t h e  
cross-sect ion data.) If u e  a r e  c o n t e n t  t o  a l l o w  t h e  e f f e c t s  of t h e  
d i  f f e r e n t  demographic v a r i a b l e s  t o  be addi t ive ,  ob ta i n i ng  t h e  necessary 
h i s t o r i c a l  data i s  a  much more managable task. (For  example, we u o u l d  
o n l y  n e e d  t o  knou  t h e  p o p u l a t i o n  o f  t h e  d i f f e r e n t  r e g i o n s  of  t h e  
country, t h e  p r o p o r t i o n  of a l l  household heads who have co l l ege  degrees, 
and t h e  p r o p a r t i o n  o f  households w i t h  two wage earners.) For t h e  above 
reasons, and because i t  does n o t  seem t o  be o v e r l y  r e s t r i c t i v e ,  ue make 
t he  assumption t h a t  t he  e f f ec t s  of t h e  d i f f e r e n t  demographic v a r i a b l e s  
a re  addi t i  ve. 
Age St ruc tu re  
- --------- 
As mentioned above, age s t r u c t u r e  can kc an importar i t  determinant 
of household expenditures. Th is  i s  t r c e  , t o  va ry ing  degrees, f o r  
each of t h e  50 cocmodi t ies under i nves t i ga t i on .  Hcwevsr, i f  we were 
t o  s top  t h e  development o f  t h e  consump t i on  f u n c t i o n  as i t  s t a n d s  i n  
equat ion (10) and es t imate  i t  i n  pe r  c a p i t a  form, we uou ld  be i m p l i c i t l y  
. . 
a s s u m i n g  t h a t  t h e  age s t r u c t u r e  o f  t h e  househo ld  h o l d s  no  u s e f u l  
i n f o rma t i on  o the r  than t e l l i n g  us  t h e  s i z e  o f  t h e  household. 
To u t i l i z e  f u l l y  t h e  i n f o r n i a t i o n  on  t h e  age s t r u c t u r e  o f  t h e  
h o u s e h o l d ,  a  s e t  o f  A d u l t  E q u i v a l e n c y  N e i g h t s  a r e  e s t i m a t e d  i n  
con junc t i on  w i t h  t h e  consump t i on  f u n c t i o n .  These A d u l t  E q u i v a l e n c y  
Weigh ts  (AEU's) a l l o u  us  t o  c o n s t r u c t  a  measure o f  t h e  s i z e  o f  t h e  
household u h i c h  weights  members o f  d i f f e r e n t  ages d i f f e r e n t l y .  T h i s  
w e i g h t e d  h o u s e h o l d  s i z e  v a r i e s  b y  commodity, Def ine t h e  s i z e  o f  t h e  
household s p e c i f i c  t o  good i as 
where 
i = ueig l r ted household s i z e  f o r  good i I 
G = number o f  d i s t i n c t  age groups 
t h N = number o f  household members i n  t h e  g  age group 
9 
W i g = weight  o f  t h e  gth age group i n  t h e  consumption 
o f  good i, 
Th is  technique permi ts  us t o  g i v e  h i g h  weights  t o  t h e  l i k e l y  consumers 
c f  a good w h i l e  g i v i n g  r e l a t i v e l y  l o r  weights t o  those l e s s  l i k e l y  t o  
consune t h e  good- Cons ide r  t h e  t o b a c c o  example and, f o r  
con t ras t ,  consider medical  se r v i ces  as wel l .  Suppose we have t h ree  age 
groups - ch i ldren,  adu l t s ,  and t h e  aged. Suppose. f u r t h e r  t h a t  t h e  
a d u l t  e q u i v a l e n c y  w e i g h t s  i n  t h e  consu3pt ion o f  tobacco f o i  t b e  t h r e e  
age groups a re  0.2. 1.0, and 0.5 respect ive ly ,  wh i l e  t h e  co r respond ing  
w e i g h t s  f o r  m e d i c a l  se rv ices  a re  1.5, 1.0, and 2.0. The fo l l owing  
table shows t h e  weighted household s i zes  o f  f i v e  separate househo lds  
f o r  b o t h  t o b a c c o  and medical  serv ices.  
Nunbe r o f  geighted Hcusenold S i z e  f o r  
Family 
----- 
Ch i l d ren  Adul ts  Aaed 
-------------------------- 
Eed ica l  Services Tobaccq -------------------- 
1 3 2 0 2 -6 6 .5 
We can see f r o m  T a b l e  3 t h a t  w h i l e  each o f  t h e  househo lds  has f i v e  
members, t h e  u e i  g h t e d  h o u s e h o l d  s i z e s  d i f f e r '  m a r k e d l y  g i v e n  t h e  
hypo the t i ca l  a d u l t  equ iva lency weights. Th is  i s  t r u e  when comparing a l l  
household s i z e s  u i t h  regard t o  a  s p e c i f i c  good . (a  r ange  o f  1.8 t o  5.0 
f o r  t o b a c c o  and  o f  5.0 t o  8.0 f o r  medical  serv ices)  and when comparing 
t h e  t w o  h o u s e h o l d  s i z e s  f o r  each p a r t i c u l a r  h o u s e h o l d  ( t h e  l a s t  
househo ld  i s  t h e  l a r g e s t  r e l a t i v e  t o  tobacco b u t  t h e  sma l les t  r e l a t i v e  
t o  medical  services.) - 
Th i s  we igh t ing  scheme genera l i zes  o n  t h e  concep t  o f  a p e r  c a p i t a  
consumpt ion  f u n c t i o n  i n  a v e r y  n a t u r a l  way by r e l a x i n g  t h e  assumption 
t h a t  a l l  i n d i v i d u a l s  c o n t r i b u t e  e q u a l l y  t o  t h e  s i z e  o f  t h e  househo ld  
r e g a r d l e s s  o f  t h e i r  age. I n  a d d i t i o n ,  t h e  w e i g h t i n g  scheme i s  n o t  
requ i red  t o  be t h e  same f o r  d i f f e r e n t  goods as  i t  i s  u n d e r  t h e  n a i v e  
t p e r  c a p i t a '  approach. Hcuever, s i n c e  t h e s e  w e i g h t s  a r e  es t imated  
( t h r o u s h  a t e c h n i q u e  d e s c r i b e d  l a t e r ) ,  i f  t h e  n 'a ive lassurr ip t ion i s 
correct, o r  a t  l e a s t  s u f f i c i e n t ,  t he  est imated paraineters (ue igh ts )  w i l l  
be roughly  equal. 
The d e s i r a b i l i t y  o f  ? h i s  AEV approach can be made even  more 
apparent i f  we c o n s i d e r  t h e  b e n e f i t s  i t  w i l l  produce  f o r  use  i n  t h e  
com ing  t i m e - s e r i e s  analysis. For example, suppose we f i n d  i n  t h e  
cross-sect ion t h a t  t h e  a d u l t  equivalency ue ' i gh t  f o r  t h e  v e r y  young i s 
h a l f  t h e  s i z e  o f  t h e  weight  f o r  a d u l t s  w i t h  regard t o  t h e  consumption o f  
t o b a c c o .  We c o u l d  t h e n  i n c o r p o r a t e  t h i s  i n f o r m a t i o n  i n t o  t h e  
t i m e - s e r i e s  e s t i m a t i o n  i n  such a  way t h a t  t h e  s p u r t  i n  p o p u l a t i o n  
a s s o c i a t e d  w i t h  t h e  baby boom becomes r e l e v a n t  t o  t h e  c o n s u n ~ t i o n  o f  
tobacco o n l y  when t h e  "boomers" grow o l d  enough t o  smoke. ( T h i s  i s  
accomp l i shed  b y  u s i n g  t h e  cross-sect on AEW1s and d e t a i l e d  popu la t i on  
i n f o r m a t i o n  t o  cons t ruc t  a  t i m ~ s e r i e s  o f  weighted popu la t i ons  s p e c i f i c  
t o  each good.) T h i s  example makes i t  c l e a r  t h a t  these.  age s p e c i f i c  
weights  w i l L  be useful,  i n  L i g h t  o f  s h i f t s  i n  t h e  age s t r u c t u r e  o f  t h e  
populat ion, b o t h  i n  t h e  es t ima t i on  o f  t h e  t ime-ser ies  equat ions and when 
making f o r e c a s t s  o f  consunpti  on. 
The n a t u r e  o f  t h e  AEW scheme a i l o r s  young c h i l d r e n  t o  c o n t r i b u t e  
l e s s  t h a n  an a d u l t  t o  t h e  s i z e  of household f o r  some goods (eg. a l coho l  
and tobacco) w h i l e  c o n t r i b u t i n g  more t o  t h e  s i z e  of t h e  househo ld  f o r  
o t h e r  goods (eg. f u r n i t u r e ) .  Th i s  leads t o  t h e  q u e s t i c n  of whether o r  
n o t  c h i l d r e n  a r e  more o r  Less e x p e n s i v e  t o  m a i n t a i n  t h a n  t h e  t y p i  c a l  
a d u l t ,  T h a t  is ,  i f  we average  t h e  c h i  l d r e n t s  u e i g h t s  over a l l  goods 
(us ing consumption shares t o  c o n s t r u c t  a  w e i g h t e d  ave rage )  w i  1 1  t h i s  
average be more o r  l e s s  than  average c o r r e s p o n d i ~ t o a d u l t s ?  To address 
t h i s  ques t i on ,  o t h e r  r e s e a r c h e r s  have i n c l u d e d  i n  t h e  e s t i n a t i o n  of 
Adu l t  Equivalency Veights  a  g e n e r a l  s e t  o f  w e f g h t s  w h i c h  t h e y  use t o  
cons t ruc t  pe r  c a p i t a  income, The incone weights  a r e  d e f i n e d  t o  be 
where s  i s  t h e  share o f  good i i n  t c t a l  consuqption, The ' s i z e 1  o f  t h e  i 
household, f o r  purposes of cons t ruc t i ng  p e r  c a p i t a  income, i s  t hen  
G 
N - = I : W  N 
0 g=l  og g 
While t h i s  approach has merit, i t  has n o t  been adopted i n  t h i s  study f o r  
a number o f  reasons.  F i r s t ,  t h e  added c o m p l i c a t i o n  o f  t h e  income 
ue igh t s  makes an a l ready  non l inear  equat ion sever l y  n o n l i n e a r  making a  
d i f f i c u l t  e s t i m a t i o n  e v e n  m o r e  d i f f i c u l t .  Second, p r e l i m i n a r y  
e s t i m a t i o n s  i n d i c a t e d  t h a t  t h e  i n c o m e  w e i g h t s  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  a c r o s s  age groups.  F i n a l  ly, and most impor tant ly ,  t h e  
e s t i m a t i o n  o f  income weights would have made i t  n e a r l y  imposs ib le  t o  use 
t h e  Engel curves i n  t h e  t ime -se r i es  analysis,  The d i f f i c u l t y  t h a t  would 
have been caused by t he  incomt weights  i s  t h a t  we wou ld  have needed t o  
know n o t  j u s t  t h e  d i s t r i b u t i o n  o f  income bu t  t h e  age s t r u c t u r e  a t  each 
income l e v e l  as wel l ,  (Th is  p o i n t  u i l l  be c l a r i f i e d  i n  t h e  nex t  s e c t i o n  
when t h e  Engel curves a r e  i n c l u d e d e d  i n t o  t h e  t i r n e - s e r i e s  ana l ys i s , )  
F o r  t h e  above reasons  , when we c o n s t r u c t  pe r  cap i t a  income, a l l  age 
groups a r e  g i v e n  i d e n t i c a l  weights, That is, we assume t h a t  
Uo1 - w - ... - w = 1.0 0 2 0 g 
- 
One f i n a l  p o i n t  needs t o  be made abou t  t h e  A d u l t  E q u i v a l e n c y  
Yei  gh ts ,  Cons ide r  a  s imple  rep resen ta t i on  o f  equat ion (31 where t h e r e  
a re  o n l y  two  income v a r i a b l e s ,  one demographic  v a r i a b l e ,  and t h r e e  
separate age groups 
Cons ide r  now t h e  e s t i m a t i o n  o f  t h e  parameters o f  equat ion (121, I t  i s  
c l e a r  t h a t  t h e  parameters a r e  no t  un ique ly  i d e n t i f i e d  i n  t h e  sense t h a t  
d o u b l i n g  a, b,, b2, and d  u h i  l e  h a l v i n g  u 
1' u2/ and u3 u i l l  leave t h e  
v a l u e  o f  t h e  p r o d u c t  unchanged. T h i s  f a c t  makes i t  i m p o s s i b l e  t o  
u n i q u e l y  d e t e r m i n e  a  11 o f  t h e  parameters us ing  regress ion  techniques, 
The problem o f  u n d e r i d e n t i f i c a t i o n  i s  avoided by s e t t i n g  t he  v e i g h t  f o r  
one o f  t h e  a d u l t  age groups equal  t o  1.0. Th is  no rma l i za t i on  a l l o w s  us 
t o  es t imate  t h e  o the r  weights  r e l a t i v e  t o  t h e  v e i g h t  f o r  a d u l t s ,  hence 
t h e  name - Adu l t  Equivalency Weights. 
Resul ts  
---- 
The e x a c t  f o rm  o f  e q u a t i o n  (3)  used  has f i v e  s e p a r a t e  i n c o m e  
ca tego r i es ,  t e n  demographic  var iables,  and e i g h t  age categor ies.  The 
equat ion was est imated us ing  da ta  f rom t h e  Bureau  o f  Labor  S t a t i s t i c s  
Consumer E x p e n d i t u r e  Survey.  App rox ima te l y  8000 households f rom t h e  
1972 data s e t  were used t o  es t imate  t he  equation. The technique used t o  
es t imate  t h e  n o w  l i n e a r  consumption f u n c t i o n  uas an i t e r a t i v e  one w h i c h  
can be shbun t o  converge  t o  t h e  maximun L i k e l i h o o d  e s t i m a t e  o f  t h e  
function. The es t ima t i on  scheme f i r s t  assumes t h a t  a l l  o f  t he  AEWts a re  
# 
1.0 and e s t i m a t e s  t h e  o t h e r  para ine te rs  i n  t h e  e q u a t i o n  u s i n g  OLSQ. 
Then, w i t h  t h e  e s t i m a t e  o f  t h e  pe r -pe rson  p o r t i o n  o f  t h e  equation, 
e s t i m a t e s  a r e  made o f  t h e  AEU's. The p r o c e d u r e  i s  r e p e a t e d  u n t i l  
convergence i s  reached, 
The f i v e  income c lasses were chosen so t h a t  each he ld  20 percent  o f  
t h e  i n d i v i d u a l s  i n  t h e  sample. 'The demographic v a r i a b l e s  included: 
Region: t h r e e  var iables,  one each f o r  t he  South, North Cen t ra l  and 
Nest 
Education: one var iable,  d i s t i n g u i s h e s  f a m i l i e s  u i t h  co l l ege  
educated household heads 
Working Spouse: one v a r i a b l e  f o r  households where t he  spouse i s  
employed 
Fami ly Size: . t h r e e  var iables,  one v a r i a b l e  each f o r  households 
w i t h  one member, two members, and f i v e  o r  more members 
Age o f  Household Head: t u o  var iables,  one f o r  households w i t h  
heads l e s s  t han  35, and t he  o ther  f o r  households u i t h  
heads over 55 
Remember t h e n  t h a t  t h e  i n t e r c e p t  r e p r e s e n t s  households u i t h  th ree  o r  
f o u r  members r e s i d i n g  i n  t h e  Northeast  where t h e  spouse does n o t  work  
and w i t h  a  household head aged 35-54 wi thou t  a  co l l ege  degree. 
The e i g h t  age groupings a re  as fo l l ous :  
years 
18 
I 1  
I 1  
- 
11 
11 
11 
o l d  
I* 
I1  
I 1  
I 1  
I1  
I 1  
and over  . 
The n o r m a l i z a t i o n  g r o u p  i s  t h e  f i f t h ,  31 t o  40 years old. Therefore, 
our Adu l t  Equivalency Weights might  more p r o p e r l y  be c a l l e d  " T h i r t i e s "  
Equivalency Weights. 
TRANSITION FRCM CROSS SECTION TO TIXE S E R I E S  
............................................ 
I n  t h e  c ross -sec t i on ,  we were a b l e  t o  q u a n t i f y  t o  what e x t e n t  
househo ld  consump t i on  uas  a f f e c t e d  b y  demographic  . c o n p o s i t i ~ n ,  age 
s t ruc tu re ,  and, t h r o u g h  t h e  use o f  t h e  n c n - l i q e a r  Enge l  curve, t h e  
d i s t r i b u t i o n  o f  income. The t ask  now i s  t o  con:bine these cross-sect ion 
r e s u l t s  w i t h  i n f o r m a t i o n  on the flake-up o f  t h e  popu la t i on  a t  a  v h o l e  t o  
c r e a t e  v a r i a b l e s  f o r  use i n  t h e  cominy t i m e s e r i e s  analysis.  F i rs t ,  by  
u s i n g  t h e  a d u l t  e q u i v a l e n c y  w e i g h t s ,  a  t i m e - s e r i e s  o f  w e i g h t e d  
p o p u l a t i o n s  i s  c r e a t e d  f o r  each commodity. Then, a  t i m e  series i s  
ca l cu la ted  o f  t h e  consunption o f  each commodity uh ich  uou ld  be p red i c ted  
us ing  a l l  of t h e  r e s u l t s  of t h e  c r o s s - s e c t i o n  a n a l y s i s  combined u i t h  
h i  s t o r i  ca 1 changes i n  income d i s t r i b u t i o n  and demographic composition. 
These const ructed v a r i a b l e s  t h e n  e n t e r  d i r e c t  l y  i n t o  t h e  t i m e - s e r i e s  
consumpt i  on  f u n c t i o n s  d e s c r i b e d  i n  t h e  n e x t  sec t i on .  Producing t h e  
t i m e s e r i e s  of weighted popu la t ions  i s  t h e  eas ie r  o f  t h e  two  t a s k s  and 
i s  d iscussed f i r s t .  
Ueiqhtcd P o ~ u l a t i o n s  
--- ---------------- 
The Census Bureau pub l i shes  h i s t o r i c a l  s e r i e s  on p o p u l a t i o n  by age. 
These se r i es  can be aggregated t o  p rov ide  separate p o p u l a t i o n  t o t a l s  f o r  
each o f  o u r  e i g h t  age g roup ings .  L e t  N r e p r e s e n t  t h e  number o f  
g t  
i n d i v i d u a l s  i n  age g r o u p  g i n  y e a r  t. We. can t h e n  c o n s t r u c t  o u r  
ue igh ted  p o p u l a t i o n  s e r i e s  f o r  commodity i (P as fo l lows :  
i t  
This  i s  done f o r  each of t h e  SO cross-sect ion commodi t ies  g i v i n g  u s  50 
commodi ty-speci  f i c  weighted .- populat ions.  
The o v e r a l l  b e n e f i t s  o f  t h e  conmodi t y  s p e c i f i c  p o p u l a t i o n s  a r e  
twofold. F i r s t ,  t h e  f a c t  t h a t  we csn d ~ f i n e  a  more re l evan t  p o p u l a t i o n  
- 
s i z e  f o r  a  good s h o u l d  enable us t o  make b e t t e r  es t imates o f  t h e  p r i c e  
and incorne e f f e c t s  on t h e  demand f o r  t h e  good. And secondly ,  when u e  
u s e  t h e  e s t i m a t e d  t i m e - s e r i e s  f u n c t i o n s  t o  f o r e c a s t  consumpt ion  
expenditures, ue  w i l l  have e x p l i c i t l y  accoun ted  f o r  t h e  chang ing  age 
s t r u c t u r e  i n  t h e  forecast ,  
Time-Series P r e d i c t i o n s  f ran t h e  Cross-Soction 
............................................. 
From t h e  h i s t o r i c a l  t i m e  s e r i e s  o n  i n c o m e  d i s t r i b u t i o n  and  
demographic s h i f t s ,  " p r e d i c t i o n s "  o f  consumption per  a d u l t  equ iva len t  
a r e  made f o r  pas t  years. 'That is, we use t h e  e s t i m a t e d  c r o s s - s e c t i o n  
parameters i n  con junc t i on  w i t h  i n f o rma t i on  on t h e  l e v e l  and d i s t r i b u t i o n  
o f  income and t h e  o t h e r  demographic va r i ab les  t o  compute a "p red i c t i on "  
o f  expendi ture  per  a d u l t  equivalent .  T h i s  " p r e d i c t i o n "  f o r  good i i n  
year t i s  r e f e r r e d  t o  as Cit. That is, 
where 
Y j t  = average anount o f  income rece ived i n  t h e  k t h  income 
bracke t  i n  year T 
D j t  = popu la t i on  p r o p o r t i o n  f a l l i n g  i n t o  t h e  j t h  demographic 
category i n  year  T. 
ai, b i  j, d i  j = t h e  est imzted cross-sect ion parameters f o r  
C lea r l y ,  e q u a t i o n  ( 1 4 1  can  be  v iewed as  t h e  r e s u l t  o f  eva!uating t h e  
cross-sect ion equa t ion  f o r  each i n d i v i d u a l  i n  t h e  p o p u l a t i o n  and t h e n  
a v e r a g i n g  t h e  resu l t s ,  (The average value o f  t h e  0-1 dummy demographic 
v a r i a b l e  w i l L  be t h e  nuzber of i n d i v i d u a l s  i n  t h e  c a t e g o r y  d i v i d e d  b y  
t h e  t o t a l  number o f  i nd i v i dua l s ,  t h a t  is, t h e  popu la t i on  proport ion.) 
* The Cit v a r i a b l e  w i l l  be  used  as an exp lanatory  v a r i a b l e  i n  t h e  
t ime-ser ies consuirpt icn f u n c t i o n  f o r  good i, The b e n e f i t s  t h a t  i t  has 
* i n  t h i s  r o l e  a r e  many. I n c o r p o r 2 t e d  i n t o  Cit a r e  t h e  chang ing  
popu la t i on  p ropo r t i ons  o f  t h e  d i f f e r e n t  demographic categories, toge ther  
w i t h  i n f o rma t i on  on t h e  l e v e l  and d i s t r i b u t i o n  o f  income but, and most 
i m p o r t a n t l y ,  t h e  i nf o r r m a t i o n  i s  i n t e r p r e t e d  f o  product  i th rough t h e  
use o f  t h e  c r o s s - s e c t i o n  c o e f f i c i e n t s .  Cons ide r  t h e  d e m o g r a p h i c  
composi t ion var iab les ,  I n  t h e  cross-xect ion these v a r i a b l e s  shoued t h a t  
t h e y  c o u l d  be h e l p f u l  i n  e x p l a i n i n g  household expendi tues; t h e r e f  ore, 
they p rope r l y  belong i n  t h e  t ime-ser ies analysis.  Imagine, however, t h e  
f o l l y  o f  i n c l u i d n g  t e n  separate, s low ly  changing popu la t i on  p r o p o r t i o n s  
i n t o  a  t i m e - s e r i e s  est imat ion.  Even i f  i t  were poss ib l e  t o  circumvent 
t h e  severe problem o f  c o l l i n e a r i t y  and g e t  m e a n i n g f u l  es t ima tes ,  t h e  
t o l l  t a k e n  o n  t h e  deg rees  o f  f reedom u o u l d  be p r o h i b i t i v e .  In t h e  
* 
cons t ruc t i on  of t h e  Cit v s r i a b l e  h o ~ e v e r  t he  t e n  p o p u l a t i o n  ' p ropo r t i ons  
a r e  combined i n  such a  way t h a t  the  most r e l e v a n t  v a r i  a b l e s  t o  good i 
a r e  g i v e n  t h e  most we igh t .  Tha t  i s ,  t h e  demographic  v a r i a b l z s  a r e  
summed u p  i n t o  one v a l u e  w i t h  t h e  , w e i g h t s  b e i n g  t h 2  c r o s s - s e c t i o n  
pa ramte rs  ( t h e  second summation i n  Equat ion ( 1 4 ) .  For instance, s ince 
f a m i l y  s i z e  wasn't o v e r l y  h e l p f u l  i n  t h e  c r o s s - s e c t i o n  e q u a t i o n  f o r  
tobacco, t h e  s h i f t  t o  sma l le r  f a m i l y  s i z e  w i l l  no t  g r e a t l y  i n f l u e n c e  t h e  
- 
* 
v a l u e  of  Cit v a r i a b l e  f o r  tobacco. On t h e  o the r  hand, s i occ  educa t ion  
was an impor tan t  v a r i a b l e  i n  t h e  cross-sect ion equa t ion  f o r  tobacco, i t  
w i l  L 'nave a  r e l a t i v e l y  Large parameter and t h e r e f o r e  t h e  t r e n d  towards 
higher educa t iona l  a t ta inment  u i  l L s i g n i f i c a n t l y  a f  f e c t  t h e  tobacco C* i t  
* The income component o f  t h e  Cit v a r i a b l e  i s  somewhat d i f f  i c u l t  t o  
cons t ruc t ,  b u t  i n  i t s  f i n a l  form i t  i s  r e s p o n s i v e  t o  s h i f t s  i n  t h e  
under l y ing  d i s t r i b u t i o n  o f  income, changes i n  t h e  o v e r a l l  s a v i n g s  r a t e  
and i n  t h e  L e v e l  of  t a x a t i o n ,  and t o  i n c r e a s e s  and decreases i n  t h e  
average L e v e l  o f  income. R e c a l l  t h a t  t h e  c r o s s - s e c t i o n  i n c o m e  
v a r i a b l e s ,  Y were t he .amoun t  o f  incone rece ived  by a  household i n  a  j' 
s p e c i f i c  income bracket, w i t h  income de f i ned  t o  be t h e  t o t a l  househo ld  
expendi tures per  person. Ue now must compute t h e  average va lue  o f  these 
f i v e  income v a r i a b l e s  f o r  each year through t he  use o f  a  d i s t r i b u t i o n  o f  
pe r  c a p i t a  t o t a l  expenditures. 
The d i s t r i b u t i o n  o f  p e r  c a p i t a  t o t a l  expend i tu res  i s  a r r i v e d  a t  
on ly  a f t e r  a  number o f  s teps which a re  o n l y ' o u t l i n e d  here, The p r o c e s s  
s t a r t s  w i t h  h i s t o r i c a l  d i s t r i b u t i o n s  o f  money income i n  c u r r e n t  d o l l a r s  
by fami l y  size. These a r e  combined t o  create, yearly, a  d i s t r i b u t i o n  o f  
money income p e r  p e r s o n .  The n e x t  s t e p  i s  t o  u s e  a  t a x  f u n c t i o n ,  
e s t i m a t e d  i n  t h e  c r o s s - s e c t i o n ,  t o  remove taxes  f rom money income and 
c r e a t e  a  d i s t r i b u t i o n  o f  d i s p o s a b l e  income i n  c u r r e n t  d c l l a r s .  The 
a s s u m p t i o n  i s  t h a t  t a x  r a t e s  a r e  r o u g h l y  f i x e d  i n  c u r r e n t  d o l l a r s  so 
t h a t  a  f u n c t i o n  r e l a t i n g  t a x  r a t e s  t o  income e s t i m a t e d  u s i n g  1972  d a t a  
can  a l s o  b e  u s e d  i n  1 9 5 9  o r  1979.  The t o t a l  amount o f  t a x e s  removed 
f r o m  t h e  d i s t r i b u t i o n  b y  t h e  t a x  f u n c t i o n  i s  n o t  a u t o m a t i c a l l y  
g u a r a n t e e d  t o  be  t h e  c o r r e c t  amwnt, so t h e  nex t  s t e p  uas t o  s c a l e  t h e  
- d i s t r i b u t i o n ' o f  d i s p o s a b l e  income s o  t h a t  i t  had  t h e  c o r r e c t  a v e r a g e  
v a l u e .  (The r e q u i  r e d  s c a l i n g  ove r  t h e  p e r i o d  1955-1979 was never  more 
t h a n  t w o  p e r c e n t  i n  any y e a r  and  was u s u a l l y  much l e s s ,  T h i s  f a c t  
speaks u e l l  f o r  t h e  t a x  f u n c t i o n  and t h e  assumptions i n v o i v e d  i n  i t s  
use.) The d i s t r i b u t i o n  o f  d i s p o s a b l e  i n c o a e  wss t h e n  d e f l a t e d  t o  
p roduce  a d i  s t  r i  b u t  i o n  o f  d i  sposeble i nccxe  p e r  c a p i t a  i n  cot is tant  
do1 Lars, 
The l a s t  s tep  requ i red  i n  t h e  p rc3 rcss ion  t o  t h e  d e s i r e d  g o a l  uas 
t o  remove savings f rm t h e  d i s t r i l ~ t i o n ,  Th is  uas accomplished throt igh 
t h e  use o f  a  spending funct ion,  a l s o  e s t i m a t e d  i n  t h e  c ross -sec t i on ,  
which r e l a t e s  t h e  spending r a t e  a t  each income l e v e l  t o  t h e  income l e v e l  
r e l a t i v e  t o  ave rage  incone.  When t h i s  spend ing f u n c t i o n  i s  used t o  
t ransform t h e  d i s t r i b u t i o n  o f  income t o  cne o f  t o t a l  expend i tu res ,  t h e  
f u n c t i o n a l  f o r m  q u a r a n t e e s  t h a t  t h e  d i s t r i b u t i o n ' s  average value i s  
e x a c t l y  uhat i t  should be f o r  any l e v e l  o f  average d isposable income and 
average spend ing  r a t e ,  T h a t  i s ,  t h e  r e s u l t i n g  d i s t r i b u t i o n  o f  
e x p e n d i t u r e s  need n o t  be  s c a l e d  t o  g i v e  t h e  co r rec t  average value f o r  
expenditures. 
Fom t h e  d i s t r i b u t i o n  o f  expend i tu res ,  as  i t  emerged f r o m  t h e  
preceeding step, we now need t o  c a l c u l a t e  t h e  f i v e  Y. variables, F i rs t ,  
J 
c o n s i d e r  t h e  r e p r e s e n t a t i o n  o f  t h e  d i s t r i b u t i o n  o f  per  person t o t a l  
expenditures g iven i n  Figure 2. A!ong t h e  h o r i z o n t a l  a x i s  a r e  t h e  N 
i n d i v i d u a l s  i n  t h e  popula t ion s t r a t i n g  w i t h  the poorest and cont inuing 
on t o  the  r ichest .  The curve g ives the  v a l u e  o f  e x p e n d i t u r e  f o r  each 
i n d i v i d u a l ,  Note t h a t  t h e  area' under t h e  cu rve  i s  p r e c i s e l y  t o t a l  
expenitures f o r  t he  populat icn. 
To c o n s t r u c t  t h e  f i v e  Y v a r i a b l e s ,  ue need t o  f i n d  t h e  a r e  i n  t h e  j 
h o r i z o n t a l  bands d e f i n e d  by t h e  B. boundaries. To see why t h i s  i s  so, 
1 
i t  i s  much e a s i e r  t o  t h i n k  and speak o f  t h e  t o t a l  e x p e n d i t u r e s  a s  
"income", and we s h a l l  do so. Now, consider Y which i s  t h e  average 1' 
amount o f  " incoce" rece ived  i n  t h e  @ t o  B1 range. To s e t  t h e  t o t a l  0 
" income" i n  t h i s  range, ue must sum over a l l  i n d i v i d u a l s  t h a t  anount o f  
"income" which each has i n  t h i s  range, For i n d i v i d u a l s  t o  t h e  l e f t  o f  . 
A, t h i s  " income" i s  t h e  he igh t  o f  t he  curve. I n d i v i d u a l s  t o  the r i g h t  
of A r ece i ve  t h e  maxirum amount, t h a t  i s  B1-BO. The t o t a l  amount o f  
" income" i n  group 1 can then  be d i v i d e d  by popu la t i on  t o  g i v e  Y,. I n  a  
s i m i l a r  f ash ion ,  Y2 t h r o u g h  Y5 can be computed. T h i s  p r o c e d u r e  i s  
f o l l owed  f o r  each year  o f  t h e  h i s t o r i c a l  data, 
I n  us ing  t h i s  procedure, we make one' key decision, namely t o  de f i ne  
income c l asses  i n  abso lu te  r a t h e r  than  r e l a t i v e  terms, That is, t h e  B j 
bracke ts  remain f i x e d  so t h a t  t h e  l e v e l  o f  " income" t h a t  d e f i n e d  t h e  
p o o r e s t  c l a s s  i n  1972  i s  f i x e d  i n  r e a l  terms and de f i nes  t h e  poorest  
c lass  i n  a l l  o t h e r  years .  Then, as t h e  t h e  d i s t r i b u t i o n  o f  i ncome ,  
d r i . f t s  upuards, t h e  p o o r e s t  c l a s s  becomes s m a l l e r  and smaller. For 
instance, suppose t h a t  t h e r e  a r e  100 i n d i v i d u a l s  i n  t h e  popu la t ion ,  and 
t h a t  i n  t h e  base p e i o d  t h e  2oth i n d i v i d u a l  i s  i n  t h e  poorest  category. 
Th is  person w i l l  consume along t h e  f i r s t  segnent o f  t h e  p i eceu i se - l i nea r  
Engel curves. I f  a l l  r e a l  incomes i n c r e a s e  a t  t h e  same r a t e  t h r o u g h  
t i a e ,  t h i s  same i n d ' v i d u a l  w i l l  s l i d e  up i n t o  t h e  nex t  income bracket .  
He w i l l  then  be assumed t o  consume along t h e  second segment o f  t h e  Engel 
curve, Thus, i n  t h i s  system, i t  i s  n o t  r e l a t i v e  b u t  a b s o l u t e  reaL  
" income" which determines consumption pat terns.  Note, however, t h a t  we 
. are  qs say ing t h a t  abso lu te  income determines t h e  share o f  savings, f o r  
our  "income1' is, i n  fact, t o t a l  expenditures. 
W i t h  t h e  f i v e  income v a r i a b l e s  cocrputed, we can now combine them 
v i  t h  t h e  cross-sect ion parameters t o  cons t ruc t  t h e  expend i  t u r e  o n  each 
item. (Th i s  i s  represented as t h e  f i r s t  su~nnat ion i n  equat ion ( I 0 )  -! 
As ment ioned  before, t h e  advantage o f  t h i s  procedure i s  t h a t  i t  i s  
s e n s i t i v e  t o  s h i f t s  i n  t h e  und2 r l y i ng  s t r u c t u r e  o f  t h e  d i s t r i b u t i o n  o f  
i n c o m e  a n d  n o t  j u s t  i t s  a v e r a g e  v a l u e ,  I f ,  f o r  example,  t h e  
d i s t r i b u t i o n  s h i f t s  such t h a t  t h e r e  a re  morq p o o r  i n d i v i d u a l s  we u i  11 
* 
see a n  i n c r e a s e  i n  t h e  C v a r i a b l e s  f o r  n e c e s s i t i e s  and a decrease i n  
* 
t h e  C v a r i a b l e s  f o r  lux;lries, Th is  i s  p o s s i b l e  even w i t h  no change i n  
average i ncorne, 
To i 1 l u s t  r a t e  t h i s  advantage, t he  incone e l a s t i  c i t i e s  presented i n  
t h e  t ime-ser ies  s e c t i o n  o f  t h i s  paper a r e  measured unde r  f o u r  s e p a r a t e  
assump t i ons  abou t  how a one p e r c e n t  change i n  average  incomes come 
about, Case I and Case I V  a r e  p o l a r  cases; i n  t h e  f i r s t  case, a l l  o f  
t h e  i n c r e a s e  i s  o b t a i n e d  b y  g i v i n g  income t o  t h o s e  i n  t h e  p o o r e s t  
category, and i n  t h e  f o u r t h  case, t he  e n t i r e  increase i s  i n  t h e  r i c h e s t  
ca tego ry .  I n  Case 11, each i n d i v i d u a l  i s  g i v e n  t h e  same d o l l a r  amount 
and i n  Case 111, ( t h e  most standard) a l l  incomes a r e  i n c r e a s e d  by  one 
p e r c e n t .  Under a l l  f o u r  assumptions, average incomes increase by t h e  
same amount but ,  as t h e  r e s u L t s  i.n t h e  n e x t  s e c t i o n  u i l l  show, t h e  
d i f f e r e n t i a l  e f f e c t s  on i n d i v i d u a l  consumption i terns can be q u i t e  large.  
TIRE-SERIES 
---------- 
The system o f  consumer dema.nd e q u a t i o n s  used i n  t l i e  t i m e - s e r i e s  
a n a l y s i s  i s  a s l i g h t  e x t e n s i o n  o f  t h e  system o f  Syn~metric Consunptiorl 
Funct ions developed by Clopper ~ l r n o n . ~  I n  bo th  system, t h e  deaand f o r  a 
good depends upon t h e  p r i c e s  o f  a l l  o t h e r  goods, houever, t h e  p r i c e  
e f f e c t s  a r e  s i m p l i f i e d  b y  assuming t h a t  consump t i on  i t e m s  can  be  
combined i n t o  economical ly  r e l aven t  groups. Through t h i s  techn ique ,  a 
commodity can be a s t r ong  cor t ip l iment /subst i tu te  f o r  o the r  i tems i n  i t s  
own group w h i l e  i n t e r a c t i n g  l e s s  s t r o n g l y  t o  the .  p r i c e s  o f  goods i n  
o t h e r  groups.  The d i f f e r e n c e  between t h e  system o f  equat ions used i n  
t h i s  s tudy and t h e  S y m ~ e t r i c  Consumption Funct ions i s  t h e  t r e a t m e n t  o f  
t h e  g r o u p  p r i c e  i n t e r a c t i o n s .  I n  t h e  Symmetric Consumption Functions, 
a l L  groups a r e  assumed t o  be weak s u b s t i t u t e s  f o r  one ano ther .  I n  t h e  
new system, g r o u p s  can be s u b s t i t u t e s  o r  compliments and t h e  magnitude 
o f  t h e  group p r i c e  i n t e r a c t i o n  i s  es t imated r a t h e r  than  be ing s p e c i f i e d  
i n  advance. Ano the r  m a j o r  d i f f e r e n c e  between t h e  t u o  i s  t h a t  t h e  
equat ions i n  t h i s  study u t i  l i r e  t h e  demographic v a r i  a b l e s  deve loped  i n  
t h e  preceeding sec t i ons  o f  t h i s  paper. 
The  s y s t e m  o f  c o n s u m p t i o n  f u n c t i o n s  d i s t i n g u i s h  77 s e p e r a t e  
components of  Personal Consumption Expent i  tures.  T h i  s d a t a  i s p a r t  o f  
t h e  U.S. N a t i o n a l  Income and P r o d u c t  Accounts.  The equat ions Mere 
es t imated  over t h e  1959-79 data  period. 
The 77 commodix ies  a r e  combined i n t o  M s e p e r a t e  g roups .  (Ten 
groups t o  be spec i f ic . )  I n  t he  equat ion t h a t  fo l l ows ,  c a p i t a l  L e t t e r s  
r e p r e s e n t  g r o u p  i n d i c e s  w h i l e  s m a l l  L e t t e r s  r e f e r  t o  i n d i v i d u a l  
commodities. For exainple, good i i s  an element o f  group I, U s i n g  t h i  s  
n o t a t i o n a l  convention, t h e  system o f  consumption f u n c t i o n s  i s  
where i E: I and i = 1,. . . ,77 
and 
C. i s  expsnd i tu re  per  a d u l t  equ iva len t  on good i, 
1 
* C. i s  ou r  p r e d i c t i o n  o f  C. us ing  t h e  cross-sect ion r e s u l t s  
1 1 
t i s  t ime  
pi i s  t h e  p r i c e  o f  good i 
PJ i s  t h e  average p r i c e  i n  group J 
SJ i s  t h e  t o t a l  share o f  group J 
ai,bi,ci,diJIJ a re  t h e  parameters t o  be est imated 
The sys tem i s  made t o  conform t o  S lu tsky  symmetry by r e q u i r i n g  t h a t  hJ 
equal  AJI f o r  a l l  I and J. (Impossing t h i s  c o n s t r a i n t  on t h e  e s t i m a t i o n  
requ i red  t h a t  a l l  77 e q u a t i o n s  be e s t i m a t e d  j o i n t l y . )  I n  t h e  e x a c t  
f o r m u l a t i o n  o f  t h e  equa t ion  f o r  est imation, t h e  (pi/PI) term i s  expanded 
t o  a l l o u  f o r  subgroups u i t h i n  each group. 
The dependant v a r i a b l e  i n  e q u a t i o n ( l 5 ) i s  economy wide expendi tures 
on  good i d i v i . d e d  b y  t h e  ue igh ted  popu la t i on  v a r i a b l e  developed i n  t h e  
* preeeeding. sect ion.  The Ci v a r i a b l e  se rves  as  an income v a r i a b l e  i n  
t h e  equat ion,  but, as mentioned before, i t  i s  much more than  that ,  The 
* &Ci v a r i a b l e  i s  a c y c l i c a l  v a r i a b l e  s i n c e  i t s  v a l u e  i s  d e t e r m i n e d  
p r i m a r i l y  by changes i n  average income. The t ime  t r e n d  i n  t h e  equat ion 
i s  des igned  t o  p i c k  up  any changes i n  t a s t e s  n o t  e x p l a i n e d  b y  t h e  
* demographic s h i f t s  subsumed i n t o  C i ' 
The 77 t i m e - s e r i e s  commodi t ies  a r e  a s s o c i a t e d  w i t h  t h e  most 
re lavent  cross-sect ion commodi t i es .  I n  some cases, t he  r e s u l t s  from one 
c r o s s - s e c t i c n  e q u a t i o n  w i l l  be 'used i n  more t h a n  one  t i m e - s e r i e s  
.- 
equat ion ,  There a re  some t ime-ser ies corfirnsdities w i t h  no corresponding 
cross-sect ion resu l t s ,  I n  these cases, t h e  unueighted p o p u l a t i o n  t o t a l  
a n d  s i m p l e  average  income u e r e  used i n  p l a c e  o f  t h e  c r o s s - s e c t i o n  
var iables,  
I Broun, J,A,C, and A.S. D e a t o n  (19721, "h'odels o f  Consumer 
Behaviour: A Survey," m_ng& J__o_us_n&, Vol, 82, pp. 1145-236 
2, B r w n  and Deaton, pp, 1172 
3, Almon, C, (19791, "A System o f  Cor isumpt ion F u n c t i p n s  and I t s  
Es t imat ion  f o r  Belgium," s_oyf&i_n gsg_n_o~~js Jly~fiiL, V o l  , 46, pp, 
85-1 06 
ON THE ESTIMATION OF ENGEL 
ELASTICITIES WITH APPLICATION 
TO ITALIAN DATA 
L. Grassini 
1. After the  work of N .  S. Iyengax /?/ , who showed under r e s t r i c t i v e  
-- 
hypotheses, t he  re la t ionship between expenditure inequal i ty  and Engel 
e l a s t i c i t i e s ,  the  concentration curve has been widely used by N.C. 
- - 
Kakwani 1 4 , 5  ,_6/ fo r  an "al ternat ive  method" t o  estimate expenditure 
e l a s t i c i t i e s  from grouped data .  In t h a t  case e l a s t i c i t i e s  axe obtained 
i n  terms of t h e  estimated parameters of t he  concentration curve f o r  
t o t a l  expenditure and f o r  expenditure on eack commodity. 
Here an application of t h i s  "a l te rna t ive  method" f o r  I t a l y  i s  
presented. The da ta  used a re  obtained from I s t a t  Surveys on Family 
Budgets, ca r r ied  out i n  1978. The observations a r e  grouped i n t o  1 9  
c lasses  according t o  the  t o t a l  monthly expenditure of t he  famil ies ;  
f o r  each c l a s s  t (where t = 1, 2, ..., 19)  only t he  ari thmetic means 
of t o t a l  expenditure and of the  expenditure on each commodity i a re  
avai lable  (where i = 1, 2, ..., 40). 
2.  The nost  importent problens t h a t  ~ i s e  i n  t k e  us-dal procedure 
of es t imat ing Engel e l z s t i c i t i e s  from grouped d e t a  -we r e f e r  i n  
p a r t i c u l a r  t o  t h e  work of S. J .  R a i s  and H. S. Houthakker - /TI; - - may 
be summarized as fol lows:  
1) t h e  choice of t h e  func t iona l  form f o r  t h e  Ehgel curve is  based 
t o o  o f ten  on "crucia l"  values of c e r t a i n  s t a t i s t i c a l  i n d i c e s ,  
s ince  economic theory or  considera t ions  of common sense r a r e l y  
suggest a s p e c i f i c  func t iona l  form; f u r t h e r  t h i s  problem beco- 
mes more se r ious  when we d e a l  with d a t a  which a r e  h ighly  d i s a g  
- 
gregated both i n  terms of consumption u n i t s  and i n  terms of 
canmodities; 
2 )  t h e  use of grouped d a t a  introduces b i a s  i n  t h e  es t imates  when 
non-linear Engel func t ions  a r e  regressed.  For example: t h e  
usual  procedure f o r  t h e  logarithmic form ( y  = a + b l o g  x )  and 
f o r  t h e  inverse  form ( y  = a + b/x)  i s  t o  u s e  t h e  ar i thmet ic  
mean wi th in  each expenditure c l a s s  as proxy f o r  t h e  geometric 
and harmonic means. This procedure implies a l i n e a r  Engel fun 
- 
c t i o n  wi th in  each c l a s s  while t h e  "true" Ehgel curve is  suppo- 
sed - and estimated - a s  a non-linear one; 
3 )  family budget data  requ i re  t h e  use of t o t a l  expenditure a s  
t h e  independent v a r i a b l e  of b g e l  curves.  This procedure, which 
- - 
has been widely j u s t i f i e d  from an economic point  of view /11/, 
- - 
has been s t rong ly  objected by some Authors who have observed t h a t  
t h e  app l i ca t ion  of t h e  l e s s t  squares (LS) method i n  family buZget 
-- 
s t u d i e s  in t roduces  b iased  es t i s la tes  -- / 9 / .  It has beon poin2od out t h a t  
t h e  t o t a l  expendi ture  and i t s  components ( t h e  dependent v a r i a b l e s  of 
t h e  Engel c u r v e s )  a r e  endogenous t o  t h e  c o n s q t i o n  u n i t  and a r e  determined 
simultaneously by i t s  c h o i c e ' s  process .  
For t h i s  " a l t e r n a t i v e  method" of e s t ima t ing  Engel e l a s t i c  it i e s  
one needs t o  s p e c i f y  t h e  form of t h e  concent ra t ion  curve f o r  which 
one may f i n d  out  we l l  de f ined  a n a l i t i c  p r o p e r t i e s  independent ly  
from t h e  knowledge of i t s  equat ion  16, 67.  
- - 
3 .  Let x,O be  t h e  t o t a l  per -capi ta  expenditure w i t h  d i s t r i b u t i o n  
func t ion  F ( x )  and g .  ( x )  >O be t h e  Engel curve of t h e  expend i tu re  on 
1 
t h e  i - th  commodity, t h e  concen t ra t ion  curve of g ( x )  is def ined  i 
t h e  r e l a t ionsh ip  Mween F ( g  ( x )  ) and F ( x )  where 1 i 
Si ace 
l i m  ~ ( x )  = 1 
x- 
l i m  F ( g  ( x ) )  = 1 
x- 1 i 
t h e  curve can be r ep resen ted  i n  an u n i t  square ,  whose d i agona l  - 
- c a l l e d  e g a l i t a r i a n  l i n e  - desc r ibes  t h e  case  i n  which ~ ( x )  = Fl ( g i ( x ) )  
f o r  each x. 
Fig. 1 
When g. (x )= x t h a t  r e la t ionsh ip  i s  c a l l ed  Lorenz curve ; t h e  concentration 
1 
curve can be then considered a s  a generalized Lorenz curve, where 
t h e  Lorenz curve i s  t h e  concentration curve f o r  t o t a l  expenditure x. 
In t h e i r  works on inequa l i ty ,  N. S. Iyengar /?/ and J . L .  Gastwirth /i27 
-- - - 
specify t h e  d i s t r i b u t i o n  function F(x) and t h e n , e l h i n a t i n g t h e  parameter 
x from t h e  two equations F ( x )  and F ( g  ( x ) ) ,  obtain t h e  function 
1 i 
which represents  t h e  a n a l i t i c  re la t ionsh ip  between F and F N .  C. li' 
Kakwani and N. Podder /87 do not use any d i s t r i b u t i o n  function of x 
-- 
but a new representa t ion of t h e  concentration curve by passing from 
the  o r i g in a l  coordinates (F;F . ) t o  t h e  system (T ; n  ) , where T 11 i i i 
coincides with t h e  e g a l i t a r i an  l i n e .  
Fig. 2 
The transformation matrix which, premoltiplying t h e  vector 
(F;F . ) , gives t h e  vector of the  new coordinates (a ;n  ) i s  
11 i i 
Z .  
Then 
- 
cos y 
sen y -cos y 
- 
and the  concentration curve of g . ( x )  i s  defined as 
1 
where 
and t h e  Lorenz curve f o r  t o t a l  expendi ture  x i s  r ep re sen ted  by -- /87 
w i t h  
The expendi ture  e l a s t i c i t y  f o r  t h e  i - t h  commodity, f o r  each g iven  
x ,  L.  ( x ) ,  is obta ined  i n  terms of Y . ( T . )  and Y ( T ) ,  of t h e i r  f i rs t  
1 1 1  
and second d e r i v a t i v e s ,  as fo l lows  -- /<7: 
4. The method f o r  e s t ima t ing  concen t r a t ion  curves  which has been 
suggested by N .  C .  Kakwani and N.  Podder i s  analogous t o  t h a t  
developed by D .  Aigner and A. S. Goldberger i n  t h e  c a s e  of Pa re to ' s  
-- 
l a w  - /1/. That method provides  asymptot ica l ly  unbiased and c o n s i s t e n t  
LS es t ima te s  and t h e  -more e f f i c i e n t  gene ra l i zed  l e a s t  squares  (GLS) 
ones.  
Here concen t r a t ion  curves of t h e  per -capi ta  expendi ture  on 
40 commodities aad t h e  Lorenz curve f o r  t o t a l  per -capi ta  expendi ture  
have been e s t h d e d .  
Per -capi ta  observa t ions  were a v a i l a b l e ,  s i n c e  t h e  average 
fami ly  s i z e  w i t h i n  each expendi ture  c l e s s  w a s  known. Therefore ,  at  
l e a s t  t h e  e f f e c t s  of fami ly  s i z e  changes on expenditure  have been 
e l imina ted .  
The change i n  t h e  t o t a l  expenditure of t h e  f a m i l i e s  between 
two success ive  c l a s s e s  i s ,  sometimes,propor~ionallysmaller than  t h e  
change i n  fami ly  s i z e ,  t hen  we had t o  put  per -capi ta  t o t a l  expenditure 
according t o  inc reas ing  va lues  of per-capi ta  t o t a l  expendit iue,modifying 
t h e  o r i g i n a l  sequence of t h e  expenditure c l a s s e s .  
Since t h e  t o t a l  number of fami ly  components belonging t o  each 
expenditure c l a s s  were a v a i l a b l e ,  i n  t h i s  case  t h e  v a r i a b l e  ~ ( x )  
r ep resen t s  t h e  propor t ion  of i nd iv idua l s  wi th  t o t a l  per -capi ta  
expenditure l e s s  than  o r  equal  t o  x and F ( g  ( x )  ) t h e  propor t ion  
1 i 
of per -capi ta  expendi ture  on t h e  i - t h  commodity of  t hose  i n d i d i v u a l s .  
The "new" coordina te  system f o r  t h e  concent ra t ion  curve allowed 
us  t h e  f i t t i n g  of a func t ion  which has t h e  a n s l i t i c  p r o p e r t i e s  of 
t h e  concent ra t ion  curve - /?, 6 ,8,107 - and which i s  r ep resen ted ,  f o r  
each expenditure i, by t h e  fol lowing equat ion.  
I n  Tab. 1 we have presented  t h e  va lues  of t h e  es t imated  parameters  
a f t e r  t h e  a p p l i c a t i o n  of t h e  LS method t o  t h e  logar i thmic  t ransformate  
of t h e  func t ion  Y . ( a.  ) and t h e  correspondent de terminat ion  index 
1 1  
2 R , which i s  r e a l l y  h igh  f o r  each curve.  The na tu re  of t h e  s t o c h a s t i c  
component of  t h e  econometric model used would need t h e  a p p l i c a t i o n  
-- 
of t h e  GLS method, which provides more e f f i c i e n t  e s t ima tes  /8/. However 
-- 
t he  gain i n  precision one can obtain does not seem t o  j u s t i f y  t h e  
-- 
r e so r t  t o  a  more cumbersome method of estimation /8/.  Further,  i n  
-- 
a recent appl icat ion t o  I t a l i a n  data ,  t h e  GLS method was suspected 
t o  provide downward biased estimates -- /2/. 
The estimated e l a s t i c i t i e s  of Tab. 2 have been calcula ted a t  
nean per-capita t o t a l  expenditure. 
It i s  c l ea r  t h a t  t he  "a l t e rna t ive  method" f o r  estimating Engel 
e l a s t i c i t i e s  r e l a t e s  t he  e l a s t i c i t y  L . (x)  with t he  l e v e l  and t h e  
1 
d i s t r i bu t i on  of x  and g . ( x )  among t h e  consumption u n i t s ,  s ince  each 
1 
e l a s t i c i t y  i s  calculated i n  terms of the  parameters a ,  a and B of 
t he  Lorenz curve fo r  x  and a a and Bi of t h e  concentration curve i' i 
fo r  g.  ( x ) .  L .  ( x  ) can be defined as  t h e  e l a s t i c i t y  of t he  expenditure 
1 1 0  
on t he  i- th commodity of an individual  with t o t a l  expenditure x0, 
given t h e  d i s t r i bu t i on  of x  and g . ( x )  among t h e  consumption un i t s .  
1 
In  t h e  usual  procedure of estimating Engel e l a s t i c i t i e s  one 
f i t s  expenditure on i - th  commodity, say yi, on x  and t h e  r e s u l t  i s  
an estimation of y .  by e  function g . ( x ) .  In t he  "a l t e rna t ive  method" 
1 1 
one obtains a l so  estimation of t h e  d i s t r i bu t i on  function of x. The 
usual  procedure r e f e r s  t o  a  s i t ua t i on  i n  which it i s  supposed equal 
d i s t r i bu t i on  within each expenditure c l a s s ;  i n  t h a t  case inequal i ty  
i s  impl ic i te ly  underestimated. 
Tab. 1 : ESTWTED PARAMETDS OF CONCENTRATION CURVES 
- -. - -  
a 6 3 2 COMMODITIES a 
Bread and c e r e a l  
Meat 
F i sh  
Dairy 
But te r ,  margarine, o i l  
F ru i t s  and vegetables 
Potatoes 
Sugar 
Coffes, t e a ,  cocoa 
Other food 
Soft drinks 
Alcoholic drinks 
Tobacco 
Clothing and r e p a i r s  
Shoes I f  I 
Xousing r e n t s  
Fuel and e l e c t r i c i t y  
Furni ture  
Text i les  
Household appliances 
Glasswork and po t t e ry  
Nondurables and serv ices  
Domestic servants  
Medicine 
Medical appliances 
Medical care  
Hospital care  
Means of t r a n s ~ o r t  a t  ion  
Users cos t  of t r a n s ~ o r t a t i o n  
Transport s e rv i ce  
comnnmicat ion 
Radio and t e l e v i s i o n  s e t s  
Newspapers and books 
Education 
En te r t a imen t  and r ec rea t ion  
Personal t o i l e t  a r t i c l e s  
Hotels,  Cafes , Zestaurants  
Other goods 
Financial  s e n i c e s  and Insurances 
Other serv ices  
TOTAL EQEXDITLTRE 
2 1  ( O )  The adjustment on t h e  l a s t  f i gu re  gives 3 S equal to 1.9. 
Tab. 2 : ZSTWTED ZUSTICITIES AT MEAN PW-CATITA TOTAL MPLXIITURE 
COMMODITIES 
1 Bread and c e r e a l  
2 Meat 
3 F ish  
4 Dairy 
5 But te r ,  margarine, o i l  
6 F r u i t s  and vegetables  
7 Potatoes 
8 Sugar 
9 Coffee, t e a ,  cocoa 
10 Other food 
11 Soft  dr inks  
12 ' Alcoholic dr inks  
13  Tobacco 
14 Clothing and r e p a i r s  
15 Shoes and repadrs  
16 Housing r e n t s  
17 Fuel  and e l e c t r i c i t y  
18 Furn i ture  
19 T e x t i l e s  
20 Household appliances 
21 Glasswork and po t t e ry  
22 Nondurables and serv ices  
23 Domestic se rvants  
24 Medicine 
25 Medical appliances 
26 Medical ca re  
27 Hospital  c a r e  
28 Means of t r anspo r t a t i on  
29 Users cos t  of transpol-tation 
30 Transport s e rv i ce s  
31 Communication 
32 Radio and t e l e v i s i o n  s e t s  
33 Newspapers and boob  
34 Education 
35 Entertainment and r ec rea t ion  
36 Personal t o i l e t  a r t i c l e s  
37 Hotels ,  Cafes, Restaurants  
38 Other goods 
39 Financia l  s e rv i ce s  and Insurances 
40 Other serv ices  
ELASTICITY 
.1772 
-5132 
.3286 
.3078 
.4050 
.5168 
. lo31  
.4931 
.2692 
1.0962 
1.3652 
.4347 
,6414 
2.0361 
1.5237 
.4158 
1.0152 
3.8944 
2.5636 
3.0904 
2.0010 
.7892 
3.8456 
-5912 
2.4112 
1.6397 
2 .oh10 
8.8767 
2.3657 
.9112 
2.1197 
1.8436 
1.7629 
1.8490 
3.6258 
1.1430 
2.5211 
1.7475 
3.1622 
2.7314 
ADDING UP - CRITFlRION 1.1360 
N.  C .  Kakwani /L/ showed t h a t  the  more concentrated g . ( x )  w i t h  
-- 1 
respect  t o  x ,  i n  t h e  point x t he  greater  i s  t h e  correspondent e l a s t i -  0 , 
c i t y  L . (xO) .  The grea tes t  values of the  estimated e l a s t i c i t i e s  can be 
1 
observed f o r  those expenditures which a r e  higher concentrated and show 
n u l l  values fo r  some expenditure c l a s s .  For example t h e  item 
'!.leans of Transportation" shows i n  t he  l a s t  c l a s s  a crude jump i n  
the  per-capita expenditure, which passes from 758 t o  36362 Lire .  The 
estimated concentration curve i s  sensible t o  n u l l  values of expenditure, 
which make t h a t  curve "lower" - referr ing t o  Fig. 1- with respect  
-- 
t o  the  Lorenz curve f o r  t o t a l  expenditure /4/ and cause high values 
-- 
of the  correspondent e l a s t i c i t y .  The value obtained f o r  the  adding-up 
c r i t e r i o n  must be considered too high and should show t h e  presence 
of upward b i a s  i n  estimating e l a s t i c i t i e s .  
This occurrence must be analyzed a l so  from another point of 
view: t he  presence of nu l l  values of some expenditures - which 
appears as the  main responsible of the  upward estimation - must 
be referred t o  the  par t icu la r  m t u r e  of the  data used. The s i z e  of 
the  sainple i n  Family Budgets Surveys i s  not determined f o r  a 
par t i cu la r  disaggregation of family expenditures. Further,  t h e  
aggregation-disaggregation in to  40 commodities i s  made "a pos te r io r i "  
and it may happen that the sample be underdimensioned for some 
items. Secondly, some objections are raised against the reliability 
of observations for the expenditure on durables. In Family Budgets 
Surveys the note of the expenditures refers to a very short time 
(a week) and the expenditure on durable goods may escape for its 
postponability and rareness. 
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AN ESTIMATION OF A SYSTEM OF 
CONSUP4PTION FUNCTIONS FOR ITALY. 
PRELIMINARY RESULTS. 
It i s  a  common prac t ice  t o  der ive  demand equations from 
u t i l i t y  maximization. Applied consumption anabgsis i s  i n  f a c t  
considered t he  art of exploi t ing t heo re t i ca l  r e s t r i c t i o n  i n  order 
t o  reduce, by means of "pr ior  informations1', the  number of parameters 
t o  be estimated. 
Nevertheless, i f  one i s  looking fo r  operating system of 
demand equations with given p e c u l i a r i t i e s ,  it i s  possible  t o  consider 
them a t  f i r s t  re ly ing  upon the  existence of an i nd i r ec t  u t i l i t y  
function t o  r e t a i n  t h e o r e t i c a l  r e s t r i c t i o n s .  I f  "In t he  present s t a t e  
of the  art, the  bes t  descr ipt ion and therefore  t he  bes t  fo recas t s  a r e  
obtained when using t h e  assumption ( o r  t he  impl icat ions)  of u t i l i t y  
maximization" -- /<7, t he  use of a l t e rna t ive  approaches cannot a  p r i o r i  
be re jec ted ;  being the  above c r i t e r i um -the goodness i n  f i t t i n g  and 
forecasting- appl icable  t o  whatever demand systems. 
The demand system used has been proposed by C.  Almon /27; it 
-- 
i s  taylored t o  impact a  s e t  of des i rab le  proper t ies  which can be 
summarized r eca l l i ng  t h a t  f o r  forecast ing t he  p r iva t e  consumption 
expenditures i n a n I / O  model, we should have; adding-up, homogeneity 
of degree zero i n  a l l  p r ices  and income, subs t i tu t ion  and complements- 
r i t y  between goods, i f  possible,  Slctsky symmetry. Furthermore, 
p r ice  changes should a l t e r  t he  e f f e t  of incame and non-income 
determinants, marginal propensity t o  consume as income r i s e s  must be 
capable of being d i f f e r e n t  fo r  d i f f e r en t  good and not necessar i ly  
independent of t h e  pr ice  system, budget shexes should depend on 
pr ices  as  income increases ,  t h e  e f f e t  of o ther  var iab les  should be 
ea s i l y  included. A l l  these  pecu l i a r i t i e s  may be cheked l a t e r  on. 
The model i s  r e v i s i t e d  i n  Section 1. The da ta  preparation 
and the  flexogenous'l informations a re  discussedin Section 2.  A 
f i n a l  sect ion is  devoted t o  t he  presentation of t h e  r e s u l t s ,  
The model 
The applied demand system is  composed by equations of t he  
following form 
qi = f(.) g ( . )  
where : 
- n = number of commodities 
- 
'i = consumption per-capita i n  constant gr5m of good i 
- f ( . )  = i s  a  function of consumption determinants of good i out 
of p r ices ;  e.g. i n c o m ~ t r e n d  Bnd Qthers  
- g ( .  ) = is a function homogenebus of -degree zero i n  t h e  pr ices .  
The var iab les  considered i n  t h e  present appl icat ion of t h e  model 
a r e  r e a l  income, first  difference of r e a l  income and a  t rend.  The 
funct ional  form of f ( . )  i s  t h e  following 
whece 
- y = income 
- t = t rend 
- p = pr i ce  index (income de f l a to r )  
The pr ice  index i s  computed a s  follows 
where s ' s  a r e  t h e  budget shares a t  t h e  base po in t ,  to, where a l l  j 
p r ices  a r e  s e t  equal t o  1.0. 
The proposed function g( . )  f o r  good i i s  
where t h e  assumed homogeneity implies 
then the  demand equation f o r g o o d i  w i l l b e  
To give constant p r ice  adding up ( a t  t ) t h e  condit ions 0 
- 
'i b2i 
 
'i b3i  = 0 and 'i bli = 1 
a r e  imposed. 
Equation (1) is  now studied t o  f igure  out t h e  implications 
on parameters t o  match Slutsky symmetry a t  a given base point .  . 
The "income compensatedf' de r iva t ive  of q. with respect  t o  p 
I. j 
evaluated a t  t he  base point (which i s  equivalent t o  considering 
y/p constant)  i s  
where O denotes values  a t  t h e  base point .  
Imposing Slutsky condi t ion  implies 
t h a t  is  t o  say 
q; 9 O 
C - -  - c . .  d i  
i j  pjo Jl  py 
from which 
Defining X I c i j  /s , we have i n  X = A .  . t h e  Slut  sky symuetric i j J 1  
condit ion i n  (1). The demand equation f o r  good i becomes 
considering f o r  a  while c = X s ii ii i 
Here a reduct ion on parameters has been obtained but  we a r e  
s t i l l  f a r  from a workable model. I n f a c t ,  us ing no more than  two 
decades y e a r l y  d a t a  r e s o r t i n g  on Slutsky condi t ion  i s  e f f e c t i v e  when 
t h e  commodities a r e  r e l a t i v e l y  few; t h a t  i s  t o  say ,  when goods a r e  
grouped i n  a small number of items. 
But t he  present model i s  conceived f o r  t r e a t i n g  l a rge  s i z e  demand 
equations systems, being t h e  object ive  t h e  forecas t  of p r iva te  con- 
sumption components i n  t h e  f i n a l  demand of an input-output model, 
preserving a s  much a s  possible  t h e  required d e t a i l .  The e f f ec t i ve  re-  
duction i n  p a r d e t e r s  i s  then reached by means of t he  often-used 
concept of groups and subgroups commodities. The grouping c r i t e r i a  
w i l l  be based upon the  between goods complementarity and subst i tu-  
t i o n  we would expect t o  f ind .  
Now, t h e  hypotheses a r e  t h a t  t h e  same X preva i l s  within t h e  
group or subgroup and t h e  same A w i l l  preva i l  everywhere among 
t h e  groups which a r e  not c lose ly  r e l a t ed  by def in i t ion .  
This means t h a t  fo r  a given good i belonging t o  t h e  group C ,  X = X i j C 
f o r  jEC and X = X f o r  ~ E C  where C can be divided (and usual ly  i j  0 
it i s )  i n  many other groups. In  t h i s  case t h e  demand equation f o r  good 
i becomes 
for  jeC and k ~ t .  
We can work out p using i t s  de f in i t i on  
s . / s  
where now k = 1 , 2 , .  . . ,n. Considering 1 p . J C = pC , where 
j~ 
1 s = s f o r  a l l  j i n  C , and introducing 
C 
then what i s  l e f t  on c  . . a f t e r  t h e  "contribution" t o  s e t  up 5 and 
11 
- 
pC, w i l l  be 
The demand equation f o r  good i becomes 
and t ak ing  i n t o  account t h e  homogeneity condit ion 
from which 
we a r e  l e d  t o  t h e  func t ion  
which gives  evidence t o  t h e  common p r a c t i c e  t o  g e t  homogeneity of 
degree 0 by means of  r e l a t i v e  p r i c e s .  
The present  procedure f o r  def in ing t h e  demand equation can be 
extended t o  goods belonging t o  subgroups and l i m i t e d  t o  goods not having 
c l o s e  r e l a t i o n  t o  any o the r  one. I n  t h e  f i r s t  case ,  w e  d i s t i n g u i s h  
t h r e e  X's. X and X a s  before  and a  s p e c i f i c  A, l e t  us t o  say 0 C 
X where A i s  a subgroup of C .  In t h i s  case we s t i l l  have and 
A ' 
PC; furthermore, PA, t h e  pr ice  index of t he  subgroup A commodities, 
i s  computed. Then it i s  easy t o  work out t he  e q u a t  i o n  
In  t he  second case ,  when t h e  good has not any pecul iar  r e l a t i o n  with 
t he  others  i n  t h e  consumer's budget, we a r e  l e d  t o  
f Pil-Io 
'i = f ( . )  I:( C P J  
Considering income-compensated e l a s t i c i t i e s ,  we need t o  f igure  out t h e  
c ' s  from- t h e  estimated X 's. The c ross -pr ice  e l a s t i c i t y  with respect  i j 
t o  a good i n  C is  
which means t h a t  t h e  e f f e c t s  on good i of changes i n  t h e  p r  i c e  s of a n y  
g0od.s not i n  i t s  group a . e  proportional t o  t h e i r  budget shares.0n 
t h e  other  hand each good a f f e c t s  goods not i n  i ts  own group by t h e  
same amount which i s  p r o p o r t . i o n a P  t o  i t s  b u d g e t  s h a r e .  
Coming i n t o  t h e  group, l e t  it be C ,  the  cross-price e l a s t i c i t y  
with respect  t o  good j pr i ce  i s  given by 
Working out X fram C "3 Xo and s we ge t  c ' 
Following the  above procedure, we can f ind  formula f o r  cross-price 
e l a s t i c i t y  within and between subgroups when they a r e  considered. 
The own pr ice  e l a s t i c i t y  i s  not so s t r i c t l y  r e l a t ed  t o  t h e  
budget share a s  t h e  cross ones; t h i s  i s  not surpr i s ing ly  s ince t h e  
assumptions on X's do not involve t he  main diagonal of t h e  Slutsky 
conditions matrix. In t h e  case of no subgroups, from (3) we have, 
i 
= -5 
- - S, 1 - lo (1 - s . )  1 
I f  a good has no spec ia l  connection with each other o r  with other 
groups, given t h e  value of X , all t h e  cross e l a s t i c i t i e s  a r e  pro- 0 
por t ional ly  determinated through the  budget shares.  
Estimation fo r  I t a l x  
The new s e r i e s  on na t iona l  account a f t e r  t h e  int roduct ion of 
SEC scheme supplies year ly  da ta  on pr iva te  consumption expenditure 
(PCE) from 1970 up t o  now (1980) of 40 goods covering a l l  consumption 
and services .  
PCE d a t a  a r e  ava i lab le  i n  both current and constant p r i ce s ;  from 
t h e  r a t i o ,  p r ices  indexes a re  computed ( imp l i c i t  d e f l a t o r s ) .  
The family disposable income has. been computed from na t iona l  
account f igures  and the  long-run average r a t i o  of consumption t o  
income has been assumed equal t o  .76; t h i s  i s  an average of r e s u l t s  
obtained on estimating aggregate c onsumption f'unc t i o n .  
Other exogenous informations used a r e  t he  i n c m e  e l a s t i c i t i e s ;  
they were determined from cross-section family-survey data  f o r  
I t a l y  produced by ISTAT. These da ta  arranged i n  40 items, corre- 
sponding t o  t h e  ones of nat ional  account, and i n  19 expenditure 
c l a s se s  represent t he  information base fo r  est imating Engel's 
e l a s t i c i t i e s .  Two estimation methods have been used. The f i r s t  
-- 
one, described i n  /1/ assumes t h a t  a s  aggregate income increases  
-- 
by one percent,  a l l  f ami l ies  income increases by t h e  same amount 
and the  fami l ies  recorded i n  a given expenditure c l a s s  w i l l  move 
t h e i r  own consumption p a t t e rn  toward t he  one of t h e  fami l i es  i n  
t he  next higher c l a s s .  The second method, described i n  /$? and 
-- 
appl ied  i n  /4/, : der ives  income e l a s t i c i t i e s  from t h e  es t imat ion 
-- 
of come n t r a t i o n  curves.  The family-survey used is  r e l a t i v e  t o  
1978 and i s  composed by 31764 responses f o r  157 ca tegor ies  of 
consumer purchases. Despite t h e  sample s i z e ,  a f t e r  t h e  aggregations 
of t h e  d a t a  i n t o  t h e  40 goods and se rv ices ,  corresponding t o  t he  
na t iona l  account scheme, f o r  some items t h e  recording i s  s t i l l  r a r e  
so  t h a t  many spending c lasses  a r e  empty. For those  ca t ego r i e s ,  
both methods can e x ib i t h  c l e a r  b i a se s  but  with d i f f e r e n t  i n t e n s i t y .  
The comparison of t h e  two methods es t imates  has given t h e  opportunity 
f o r  sone expost r ev i s ions .  
A p r i o r  information on modelling t h i s  demand equations sy- 
stem i s  t h e  group . se lec t ion .  Here, t h e  chosen grouping i s  t h e  following. 
1 Food 
Sub 1 Bread and c e r e a l  
F r u i t s  and vegetables 
Potatoes 
Sub 2 Meat 
F i sh  
Dairy 
Sub 3 But ter ,  margarine, o i l  
sugar 
Caffes,  t e a ,  co.coa 
Other food 
2 Beverages and tobacco 
Sof t  drinks 
Alcoholic drinks 
.Tobacco 
2 Clothing 
4 Housing 
Clothing and repa i r s  
Shoes and r epa i r s  
Housing r e n t s  
Fuel and e l e c t r i c i t y  
5 Durables 
Furniture 
Text i l es  
Household appliances 
Glasswork and po t te ry  
Non durables and services  
Radio and t e l ev i s ion  s e t s  
6 Health 
Medicine 
Medical appliances 
Medical care 
Hospital ca re  
7 Transportat ion 
Means of t ranspor ta t ion  
Users cost  of t ranspor ta t ion  
Transport services  
8 Culture 
Newspapers and books 
Education 
Entertainment and recrea t ion  
9 Other goods 
Personal t o i l e t  a r t i c l e s  
Hotels, Cafes, Restaurants 
10  Services 
Domestic servants  
Communicat ion 
Other goods 
F inanc ia l  se rv ices  and Insurances 
Other services  
The es t imat ion of t h e  parameters i s  done i t e r a t i v e l y .  F i r s t  of 
a l l ,  t h e  income e l a s t i c i t y  i s  used t o  get  a f irst  guess on t he  
income c o e f f i c i e n t ,  bl . Then, a A, i s  chosen (and used i n  a l l  
groups) ; A, i s  not a l t e r e d  i n  t h e  es t imat ion procedure and a 
scanning can be done looking a t  t h e  f i t t i n g  a s  a choice cr i ter ium.  
Since t h e  assumption on Slutsky symetric condit ion,  t h e  es t imat ion 
i s  done simultaneously f o r  each group. F i r s t ,  wi th in  each group 
A '  s a r e  s e t  equal  t o  zero  and t he  f ( . ) is regressed;  then,  a f t e r  
a Taylor expantion with respec t  t o  t h e  parameter of t h e  g( . ) , a 
regress ion i s  applied t o  es t imate  X's. Coming back t o  f ( . ) ,  t h e  
i t e r a t i v e  procedure i s  car r i ed  on a s  long a s  t h e  sum of squared 
e r r o r s  i s  f a l l i n g  f a s t e r  than a given percentage. 
Preliminary Results  
The estimation r e l i e s  upon th r ee  exogeneous informations. 
The f i r s t  one i s  t h e  s e t  of income e l a s t i c i t i e s  which a re  used t o  
compute t h e  incame coe f f i c i en t s  i n  f ( . ) ' s .  Then, t h e  b values 
1 
a r e  f ixed and the  'constant-.?rice adding-up tu rns  out t o  be 
matched; on forecast ing,  t h i s  property i s  preserved at taching a 
I? spreader" - /2,77. - The second information i s  t h e  grouping which 
i s  not s t r i c t l y  a p r i o r i  determined. The t h i r d  information i s  
X o  which i n i t i a l i z e s  the  i t e r a t i v e  procedure; it remains constant 
- 
and impl ic i te ly  determines pr ice  e l a s t i c i t i e s  of t h e  goods i n  C. 
I f  t h e  f i r s t  information, t h e  income e l a s t i c i t i e s ,  i s  
s t r i c t l y  exogenous, theo thersbe longs  t o  the  a r t  of est imating 
t h i s  kind of demand equations system. Different  grouping can be 
considered and the  use of d i f f e r en t  XOts i s  i n  order.  
Here, four  X values have been checked. For each X t h e  sum 
of squared res idua ls  i n  each group has been computed and the  t o t a l  
f o r  a l l  t h e  sec tors .  The da t a  a r e  shown i n  t h e  Table 1 where a :: 
marks the  lowest en t ry  i n  each row. 
The choice of X i s  usua l ly  a compromise; the  value f o r  
which we ge t  t h e  highest  frequency of t h e  minimum sum of squared 
res idua ls  i s  chosen. 
T a b l e  1 
Food 
B e v e r a g e s  
C l o t h i n g  
H o u s i n g  
D u r a b l e s  
H e a l t h  
T r a n s p o r t a t i o n  
C u l t u r e  
O t h e r  goods  
S e r v i c e s  
T O T A L  8 3 5  917 1 , 0 8 0  1 , 3 2 3  
This i s  t h e  case of X = .l. 
The s u m r y  of t h e  est imate i s  shown i n  Table 2. The 
own-prince e l a s t i c i t i e s  a r e  a l l  negat ive.  The food s o u p  and 
subgroups commodities present  complementarity as  wel l  a s  housing, 
hea l th  and education. 
The prel iminary r e s u l t s  a r e  s l i g h t l y  g ra t i fy ing ,  but 
a c loser  ana lys i s  of t h e  grouping and a ref inenent  of t h e  d a t a  
g ive  room t o  f u r t h e r  research  
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Table 2c. 
s e r v i c e s  
s e c t o r  s u b g r o u p  commodity  i n c o m e  t i m e  i n  X 
e l a s t i c i t y  o f  . l a s t  y r .  
2 2 . a r t i c o l l  non d u r e v o l i  e s e r v  0.928 -3.3 
3 1 c o m m u n i c a z i o n i  1.638 0.6 
3 7 s g e s e  r e l a t i v e  a g l i  a l b e r g h i  1.550 0.6 
3 9 s e r v i z i  f i n a n z i a r i  e  a s s i c u r  2.127 -0.3 
4 0 a l t r i  s e r v i z i  non a l t r o v e  c l  0 .836  1.3 
p r i c e  e l a s t i c i t i e s  a a p e  r h o  
own g r o u p  s u b g r o u p  g e n e r a l  
-0.667 0.037 0.001 3.1 0.23 
-0.644 0.060 0.001 5.6 0.33 
-0.246 0.458 0.007 2.8 0.42 
-0.686 0.018 0.000 5.7 0.43 ' 
-0.663 0.041 n.001 2.3 0.26 -. 
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THE CONSUMPTION BLOCK OF THE 
HUNGARIAN INFORUM MODEL 
G. Kornai 
The Hungarian model o f  t h e  i n t e r n a t i o n a l  
INFORUM model sys tem is  being prepared i n  coopera- 
t i o n  w i t h  t h e  Wiener I n s t i t u t e  f u r  In te rna t ionaY5 
W i r t s c h a f t s v e r g l e i c h e  and t h e  Budspest I n s t i t u t e  
f o r  Economic and Market ~ e s e a r c h . ~  I n t h i s  pape r  
I i n t e n d  t o  e n l a r g e  upon t h e  q u e s t i o n s  r a i s e d  
by t h e  e l a b o r a t i o n  of t h e  p e r s o n a l  consumption 
block of  t h e  Hungarian model. 
Should t h e  t a s k  of e l a b o r s t i n g  t h e  consump- 
t i o n  block mean t h a t  a g i v e n  frame of f u n c t i o n s  - 
naniely Almon's demand model /Almor. /2/ / - be 
f i l l e d  w i th  Hurear ian  d e ~ a  and e s t i ~ a t e d ,  I cou ld  
r e s t  s a t i s f i e d  a s  t h e  e s t ima ted  nodel i s  com- 
p l e t e d  and p rac  t i c s l l y  f  e e s i b l e .  
I t h i - k ,  however, t h a t  t h e  ques t i ons  t o  
be answered a r e  f a r  nore  g e n e r a l ,  more fundac 
mental .  It i s  w e l l - k r  vm t h a t  s e v e r a l  s p e c i f i c  
- 
1. I a m  g r e a t l y  indeb ted  t o  Clopper Almon f o r  
l e t t i n g  me have t h e  computer programs and 
t o  Andras Simon, who l e n t  v a l u a b l e  adv ice  
t o  my work. Tor t h e  e r r o r s  t h a t  may occu r  
in t h e  paper  I am t o  blame a lone .  
2. For t h e  o u t l i n e  of t h e  model see :  Fink - 
Simon /1/ 
factor;: n l se ing  f3mz t h e  t r a d i t i o ~ ~ a l  dezsnd models 
account f o r  t he  c b r g e s  in personal consmption i n  
the  Central -Elmpea s o c i a l i s t  countries.  It i s  also 
=cognized t h z t  there does not e z i s t  a spec i a l  
Hungarian consmption nodel a t  present,  and it is 
highly questionable t ha t  the demand functions elab- 
orated f o r  developed market economies a r e  applicable 
t o  Hungary. 
In  t h e  l i g h t  of these questions I cannot be 
content with achievement a s  an economist. I do not 
believe t h a t  I succeeded in . se t t ing  up a Hungarian 
consumption m-1 on film t heo re t i ca l  bases. Yet I do 
hope I have been able t o  contribute t o  t h e  development 
of t he  analyaia of Hungarian consumption, which I 
grea t ly  owe t o  Clopper Almon's model. 
A s  my knowledge i s  l imited I cannot s t r i v e  
here t o  develop a complete consumption theory f o r  the  
Hungarian / o r  a soc i a l i s t /  economy. My aims a re  
f a r  more p r a p a t i c .  I confine myself t o  r eca l l i ng  
some basic features  of the Hungarian c o ~ u n p t i o n  
recognized by others and t o  discussing how the  un- 
observance of these fac tors  liinit the v a l i d i t y  of 
the  model t o  be presented. 
The first par t  of q y  paper w i l l  c w e r  these 
questions, t o  be followed by the presentation of the  
Almon model estimated on the  basis of Hungarian data. 
I. Consumer p r ices  and demrnd 3 
Let me here d e a l  vFith a s ing le  but f'uzdanental 
quest ion,  t h a t  of the  re la t ionships  between consuner 
p r ices  and demand. Neither do I intend nor have I t he  
means t o  argue whether t h e  t r a d i t i o n a l  demand funct ions  
can be appl ied t o  the  US o r  Belgiun. 
I should nere ly  l i k e  t o  emphasize why they cannot be 
applied t o  describe co,rsumption i n  Hungary /ard i n  
t h e  r e s t  of the  s o c i a l i s t  countries/ s a t i s f a c t o r i l y .  
Let us see  t h e  demand function of t he  t o t a l  popula- 
t i o n  f o r  a s ing l e  good. /see Fig. 1./ 
I. I 
I 
> B 
;sat 
Figure 2 
3. The not ions  t o  be touched upon belovr I have adopted - 
o r  r a t h e r  picked f r o a  Janos Kornai's book Econonics 
of Short age /3/. 
If t h e  pl icc  of t h c  co,lc)dity ir q ~ l c s t i o ~ ?  i s
zero, t h t  is  the  consmer ge t s  i t  p e t i s ,  d e x r i d  
s a t  4 
appears on s z t u m t i o n  l e v e l  /Q /. 
A s  the  pr ice  of the comodity i s  ra i sed  i n  2 
ce r t a in  i n t e r v a l  demand i s  co=lpletely i n e l a s t i c  t o  
the  price.  I n  this I-anEe pr ices  e r e  ce l led  noxinal. 
non The upper l i m i t  /P / t o  nominal pr ices  appears when 
a t  l e a s t  one consumer gives up the  idea of purchasing. 
Raising the  pr ice  fur ther ,  demand w i l l  gradually drop 
u n t i l  the  w i t h d ~ v ~ a l  of the  very l a s t  consmer.  De~and 
above t h i s  pax pr ice  i s  again i ne l a s t i c .  
While nominal pr ices  i n  /0 ,  PGm/ i n t e r v a l  play no 
m l e  whatever i n  l ~ g u l a t i n g  consumption, p r ices  i n  
/pnom, Fax/ i n t e r v a l  e f f ec t i ve ly  influence 6emand. 
Consumers in the economic system of  socialism 
have access t o  a  par t  of goc& gxat is  o r  a t  noninal 
pr ices .  I r respec t ive  of  t he  question whether supply 
can in f a c t  s a tu ra t e  denand, -- the  consumption of these  
goods carinot be described by the  t r a d i t i o n a l  demand -
Functions. 
C u r  a t t e n t i o n  should now be focussed on the  
/pnom, Fax/ i n t e r v a l  of e f f ec t i ve  pr ices .  Let us 
consider t h e  supply of  the  comoditg under s c ~ v t i n v  be 
S @.ven. /Q / a t  a  s i ng l e  but any moment. I n  t h e  
t r a d i t i o n a l  theory of demand functions a  given market 
4, It is  easy t o  see t n a t  the demacd f o r  any commodity 
i s  f i n i t e .  
5. I n  Eungary ia 1979 some 20$ of  personcl consumption 
can be consideled such. 
Figure  2 
Let  us suppose t h a t ,  s a y ,  t h e  p r i c e  a u t h o r i t y  
permanently d i v e r t s  t h e  p r i c e  of a  good froa t h e  PC 
market d e a r -  price. I f  t h e  p r i c e  f a l l s  within t h e  
i n t e r v a l ,  t he  t r a d i t i o n a l  denand 
A 
models can be a p p l i e d  e a s i l y :  t h e  p r i c e  e f f e c t i v e l y  
z s t r i c t s  d e m d  /Q / and a c e r t a i n  s l e c k  of supply 1 
develops.  The presence o f  t h e  s l a c k ,  however, does no t  
inf luence  t h e  a t t i t u d e  02 t h e  consmer  a s  anyone who 
i s  w i l l i n g  t o  purchase t h e  comodi ty  can do s o  e a s i l y .  
I f ,  on the  otIl?r  ilond, i!le p r i c e  /I'd fi.118 
within the  P"'" ( P, < PC i n t e rva l ,  i t  r e s u l t s  i n  
I 
S 
a Q2 denand and i n  a  Q2--Q shortege. Obviously, the 
pr ice  is  not able t o  c l e a r  the  m r k e t  alone, Some o the r  
form of  d i s t r i bu t ion  i s  necessary t o  s e l ec t  the  customers: 
ra t ioning comodi t ies  and/or gueuing f o r  c~~onod i t i e s .  
Neither ra t ioning nor queuing are price-l ike f ac to r s ,  
thus t r a d i t i o n a l  demand models cannot be epplied t o  
this pr ice  i n t e r n 1  e i t h e r .  6. 
To sum up: t m d i t i o n a l  demand models f a i l  t o  
describe the  consmption of comnodities inarketed a t  a 
p r i c e  lower than PmC. 
11. Preparation of t he  data base 
Personal corswnption i n  the  Hungarian and the  
o ther  s o c i a l i s t  economics does not b v e  a  t heo re t i ca l l y  
founded econometric model. It i s  due t o  the  fac t  t ha t  
u n t i l  q u i t e  recent ly  t he re  d i d  not e x i s t  a  spec i f i c  
theory of demand f o r  a  "shortage econony". The 
consumption models estimated so f a r  were nothing but 
automatic adaptions of some o r  another test-proven 
westein model and t h e i r  e s t i nx t ion  on Hungarian data. 
Though i n  a way my workconsti tutes no exception7*1 did  
s t r i v e  throughout the  adzpta t ion  of the xodel not t o  
6. Though an exact gdess i s  hardly possible t o  give, 
i t  i s  probable t ha t  a t  l e a s t  ha l f  of personal 
consmption f a l l s  i n t c  t h i s  ? r i ce  i n i - e r ~ a l  today. 
7. I r a the r  changed t h e  Zungzrian data t o  f i t  Ahonrs  
model than change the  model t o  f i t  the  Hungarian 
r ea l i t y .  
f o q c . t  &bout z k o r t c g ~ z  si:G ~t:;lcr nc!:-p~~icc. foctox; i n  
the  Hwgarisn c o c s ~ p t i o : i .  For this r e x o n  L hcd t o  
give up hnvixg sr. c-xplsnntion t o  the  v;hole range of 
goods consac-d. The l o s s  i n  the r a x e  of goods is 
pro bsbly compensated f o r  by a s t ronger  t h e o r e t i c a l  
backing i n  t he  rexainirg re la t ionships  of t h e  model. 
The Hungzrian I:;,'ORL?i nodel i s  b u i l t  on a 79- 
s e c t o r  input-output t ab le .  The consumption vector  of 
flnal consmption conprises the personalaand govern- 
ment consunption. A s  t ine-ser ies  on personal con- 
sumption i s  not broken d o \ ' ~  by 1-0 sec tors  but by 
consumption categories a bridge-matrix serves  t o  
l i n k  t h e  categories of goods t o  the  s ec to r s  of t h e  
1-0 t eb le .  Naturally, xe hnve t o  assuse t h a t  t h e  
share of  I 4  sectors  within each consumption category 
is constant i n  t i n e .  
'Pine s e r i e s  f o r  196 groups of comod i t i e s  where 
ava i leb le  f o r  t he  period 1960-1379 covering tk whole 
consunption. I added t o  the  l ist  of groups personal 
expenditures on housing Lwestments. T h i s  grnup i s  
t r e a t e d  a s  investment i n  the  s t a t i s t i c s ,  but it i s  t o  
be modelled a s  a consunption good. 
The consumption data issued bg the  Centra l  
S t z t i s t i c a l  Off ice  a r e  general ly  calculated fmn t h r ee  
sources. A dete i led ,  cmp le t e  cbservation o f  r e t a i l  
t=de  turnover yie ld  the  pw'c'zsed consmption of a 
c e r t a i n  coEo2ity. If neccsscry, self-cozismption 
estimated on the  basis  of representat ive  houehold  
s t a t l s t i c z l  surfeys is added, together  w i th  t he  so- 
ca l led  s o c i ~ l  f r inees  w kind p r o ~ i d e d  by the  govern- 
ncnt budgct ~ n d  t l , ~  c n i c r p r  1-cs. 
For t t e  u s t ~ 2 n t i o : ~  oi" the  A L c u i  r-adel only the  
pr ice  - dependcnt c ~ ~ s u c p t i o n  shoald be co?.sidcred f o r  
the  reasons explnined e a r l i e r .  Ho.!evcr, the  Cata base 
ava i lab le  allowed t o  s ~ r g l e  out only a par t  of the  
s o c i a l  f r i w e s :  free mediczl, educrtionzl,  cu l t u r a l  
/ spor ts ,  holidays, etc. /  and s o c i s l  /creche, nursery 
school, etc./ a l l o ~ i a n c ~ s .  These i t e n s  mounted t o  
10,33 $ of t o t a l  consumption i n  1979. ' We h v e  no 
de f in i t e  clue how t o  recognize commodities marketed 
a t  noninal  p r ices  rraking up a furtkr considerable 
share of s o c i a l  f r inges .  Therefere I had t o  2211 back 
upon ny ovrn consmer7s  experience and a t t i t u d e  t o  
decide it- by iterc whicn pr ice  i s  no3inal o r  effec- 
t i v e .  I found the  following kinds of goods avai lable  
st nominal prices:  r e n t ,  deprccist ion and rraintemnce 
cos t s  of state-ovmed I ' la ts  , p h a m c c u t i c a l  products , 
passanger and cargo t rznspor t  , te lecomuxicat ion 
se rv ices  and pu rcksed  creche and nursexy school 
care. I excluded these  i t e z  mounting t o  7,25 $ of 
t o t a l  consunption from the  data base of the  nodel. 
Yet there  rezained some /unrecogdzable/ s o c i a l  
f r inges  i n  thc  data /some coasunption a t  heavily 
subsidized prices/. . 
The expenditure i t e c s  thus excluded fron t ne  
data base of personal c o r s u ~ p t i o n  w e r e  edded t o  
g o v e m e n t  consunpt ion. 
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dovm t o  10 2. SelP-cor~s~uipt i o n  .,,;LC a L ~ o s t  e x c l u ~ i v e l y  
r e s t r i c t e d  t o  t ~ o  ;.IT.,~-I. grLi!p:j of goods: food and alco- 
ho l ic  d r i l ~ s .  Zegerdin; thz t s t a t i s t i c a l  p rac t ice  
evaluates  this consmption e t  r a t a i l  p r ices  I do not 
th ink  i t  causes a:;y &reat  d i s to r t i on  if i t  re -d ins  both 
8 .  part  of incone anC t o t s 1  consuzption. By excluding, 
however the  goods heving nosinal  p r i ce s ,  I a lso  got  r i d  
of some f u n d m e n t ~ l  re la t ionships  i n  tne  model. B i s  
namely evident t ha t  l i f e  requires  a viide renge of com- 
modities and thus none of the e leaents  of t he  consmp- 
t i o n  s t ruc tu re  can be disregarded a r b i t r a r i l y .  For 
example, excluding f ron the  nodel the f'unction explain- 
ing the "consunptioni' of st~te-ovmed f l a t s  a t  noainal  
p r ices  /as explained by a a ix tu re  of ration in^; and 
queuing d i s t r i bu t ion  r a the r  than by p r i c e  and income 
ef fec t s /  the  v a l i d i t y  of severa l  consup t ion  functions 
of c lose ly  re la ted  in>uts  / fu rn i tu re ,  household t e x t i l e ,  
labour saving devices, e tc /  becmes questionable.  But 
housing c o n d i t i o ~ s  2lso influence "more renote" elements 
of the  consmption s t ruc ture  as  tne  l eve l  of food calzsmp- 
and oy e i -~ t2r ta iment .  A s  a r e s u l t  of t he  above 
'tpmgingi1 the  model contains only com~lodities a t  
efTective pr ices .  Yet - rs ~ e n t i o n e d  e s l , l i e r  - a 
t r a d i t i o n a l  dem~nd nodel ccmot be d i r e c t l y  applied 
even t o  this dsta base. Goo6s ~ a r k e t e d ,  a t  lower znd 
8. I t  i s  a l so  c o n f i n e d  by the fac t  tha t  the  x s j o r l t y  
of these  goods /e.g. ezEsr f r u i t s ,  vegetables,  etc. /  
can be ea s i l y  turned i n t o  cash a t  the narket  places. 
h i g h e r  p r i c e s  t i lzr~ the  / t h e o r e t i c a l /  r~ar l tc  t c l e z r i n g  
p r i c e  should have Seen r ~ : p z  r a t e d  a l . t ' r , o~ -5  ;:'e hsve no 
i n f o r n z t i o n  zbaut  t h e  a?.r%ct c l e s r i n g  p r i c e  o f  t h e s e  
c o m o d i t i e s .  I had t c  put  ap c i t h  s e l e c t i n g  t h e  commod- 
i t i e s  on t h e  m r k e t  of nhicii  sho r t ages  were apparent  
according  t o  my experience d u r i r g  t h e  per iod  1963-79, 
I n  examinLng t h e  l is t  of c o n s m p t i o n  c a t e g o r i e s  
i t em by i t e n  I a d  not  f ind  acg ca tegory  v h i c h  ns.s no t  
c h a r a c t e r i z e d 3  a q u a n t i t a t i v e  o r  q u z l i t a t i v a ,  tem- 
porary  o r  chronic  shor t sge  i n  t h e  past; 20 y e a r s .  
I a l s o  r e a l i z e d  t h e t  t h e  sane  280 aggregate  c a t e g o r i e s  
q u i t e  w e l l  "conceal" t h e  i n d i v i d u a l  s h o r t a g e s  o f  t e n s  
o f  thousands of  c o n s ~ z e ~ - ~ s  goods. For  e x m p l e ,  t hk  
s h o r t a g e  o f  sa lami  i s  not  v i s i b l e  i n  t h e  ca t egory  o f  
meat products ,  and the  shor t age  o f  s t e r e o  t m t a b l e s  
in t h e  ca tegory  o f  r eco rd  p layers .  I n  f a c t ,  rcost o f  
t h e  l o r c e d  s u b s t i t u t i o n  caused by s h o r t a g e s  t a k e s  
p l a c e  anon& goods c l o s e s t  t o  the  one s o w h t  i n  va in ,  
The c u s t o ~ e r  buys f r a n k f u r t e r  i n s t s a d  of s a l a a i  i f  he 
@shes t o  e a t  cold s l ~ a t ,  o r  o nono r e c o r d  p l a y e r  
i n s t e a d  of  a s k r e o  one i f  he rrishes t o  l i s t e n  t o  
i.ecords, 
To g e t  arouad t h e  p r o b l m s  gerlerated by fo rced  
s u b s i t u t i o n  i s  a t  hard: c o m o d i t g  c s t e g o r i e s  k ~ v e  t o  
be merged t h e  n a j o r i t y  ci' forc3d - s u b s t i t u t i c n  
f a l l s  i n t o  t 3 e  sane  c ~ t e q o r y '  Af t e r  t h e  r e d u c t i o n  I 
f r ina l ly  a r r i v e d  a t  36 categories 02 c o m o d i t i e s .  
Another p a r t  of  fo rced  s u b s t i t u t i o n  i s  c a r r i s d  
o u t  betwee2 goods excluded frcrz and those  r e t z i n e d  in 
t h e  model. I f ,  f o r  i n s t a n c e ,  a p a t i e n t  g e t s  no f r e e  
medical t r ee t . xn t  /excluded cozxoditj-/, he i s  forced 
t o  p ~ w c h s e  zedicnl  czrc /retained comodity/. If 
a consumer does not ge t  2 f l a t  e t  a noainel pr ice  
/excluded comodity/, he i s  f'orccd t o  get  involved 
i n  cos t ly  house construction /retained comodity/. 
The klmon model provides f o r  the handling of such 
problems by add- any var iable  t o  the r i gh t -knd  
s ide  of the  equation;. I n  the given case t he  model can 
include the  changes i n  f r ee  medical care ,  s t a t e  
housing pro jec t s ,  e t c .  
Shortage, however, does not only cause forced 
subs t i t u t i on  but forced s p s n d i d  and forced s a ~ 5 n g  
a s  wel l .  The c o n s u e r  zrgues: I couldn't g e t  a co lor  
TV /and a s  I don't want a black and v~h i t e  one/ I ' l l  
teke par t  in an expensive paclcage t ou r ,  o r  put t he  
money as ide f o r  the case I ckn buy 2 color  TV s e t  
next week, nonth o r  year. A par t  of forced saving - 
and the  c losely  r e l a t ed  q a o u i ~ ~ l ~  - i s  hidden i n  the  
data base of the nodel broken down by year ,  a s  i t  i s  
seldom necessary t o  qeue  o r  wait f o r  nore than a year  
f o r  a good. The queues s t r e t ch ing  17om one yeer t o  
the  o the r  o r  spenning several  years have t o  be taken 
9. Forced subs cution axd forced spending aye k i n  
ca tegor ies ,  but while i n  the fomer  case i n i t i a l  
demand i s  oore o r  l e s s  ~1st forced spendirg leaves 
a void bekLnd i t .  
l o  .In theorys  a l l  queuing can be ccnsidered forced 
saving of varying extent ,  depending on the  s i z e  of 
the  qcleue. 
i n t o  acc3~2:t. ZU:?:~ QU?\?CZ ~1 ::;id f a 1  :;t:lte-~;:.j;c.3 i-;~ur,ir4;, 
telephones SnC! r~ev; C S ~ S .  I n  tile dz'cs base 1 r e t a i z cd  
only tke  l a t t e r .  To bui ld  i t  i n  t h 2  aodel ,  s p e c i a l  
i n d i ce s ,  5 .g .  those r e f e r r i n g  t o  the  i n t e ~ s i t y  of the  
shor tage ,  had t o  be used. 
The nodel - due t o  rggregation through both 
t h e  and comodi ty  categor ies  - t h u  conceals such 
elementary c h a r a c t e r i s t i c s  of Hsagariec consmpt i3n 
a s  a hos t  of queues of varying s i z e ,  the  propensity 
of  consumers t o  wa i t ,  e  . t . c. Neglecting these  phenoaens 
means the  same a s  assuming t ha t  the  normal /zversge, 
ordinary/ i n t e n s i t y  of  shortages only slowly changed 
in t h e  pas t  20 years ,  so vor ia t ions  i n  consumers' 
demand a r e  b a s i c a l l y  defined by r e l a t i v e  p r ices  and 
r e a l  income. 
. . ~ l m o n ' s  model i s  inost su i t ab l e  f o r  f ind ing  a  
wide range of price-dependent /voluntary/ subs t i t u -  
t i o n s  and conplementari t ies i n  consmption. Zven this 
a b i l i t y  of the  functions was l i a i i e d  here by the  
p u r g i r ~  2nd aggregation of the  data Sase. 
111. The es t imzt ion of the  Al~on-nodel 11 
- -  
To es t imate  t h e  model I used the  computer 
program worked out by Clopper ALnon. This program 
does not  es t imete  i n c o ~ e  coef ficiei-its d i r e c t l y ,  i t  
ca lcu la tes  them on the  bas i s  o l  ex te rna l ly  given 
income e l a s t i c i t i e s .  Fzr the c&se of Hungary - not 
11. The reader ,  I p re sme ,  i s  f a n i l i a r  wi th  fa on's 
paper /2/. 
h s i v i r i g  tin;- crosn s l c t i n i !  e s t i :~a i ; i c ln  of  ii;coxe e i r s -  
t i c i t i e e  of t l l~ SC ci;::i~oCitj- csi-c,rorizs t o  ti. m d e l l c d  
he re  - I had t o  take th;. f o l l o n i z d  /and r a t h e r  ques t ion-  
ab le /  o ~ u r s e .  
I picket f i r s t  t he  incoy? c l z s t i c i t y  c o e f f i c i e n t s  
of a  Deaton-I.Iuc-llbauer node1 e s t b a t e d  f o r  Hungary by 
1.Iusz6ly /4/12. About h e l i  o f  t h e  33 c o m o d i t y  c a t e g o r i e s  
s e l e c t e d  by Xusz6ly co inc ide  w i t h  those  of n i n e .  The 
c o e f f i c i e n t s  of t h e s e  c a t e g o r i e s  could be a p p l i e d  t o  
n y  model d i r e c t l y .  Ten out  o f  t h e  21 incone  e l a s t i c i -  
t i e s  s t i l l  n i s s i n g  I c o d  d co~ lpu te  f r o 2  a  /not v e q  
r ecen t /  s tudy  o f  t h e  C e n t r a l  S t a t i s t i c a l  O f f i c e  on 
f ami ly  income /5/13, a n a l i z i n g  t h e  c o n s m p t i o n  i n  55 
commodity s a c t o r s .  This  "conputat ion" was no more, 
than s j i i~p ly  marking tho  g iven  incone e l a s t i c i t i e s  up 
o r  down, u s ing  t h e  c a t e g o r i e s  co inc id ing  w i t h  those  
o f  Musz6ly's a s  a  numeraire.  For t h e  rercaining 11 
commodities no c r o s s  s e c t i o n  e l a s t i c i t i e s  could  be 
found. I had t o  p ick  t h e  s t z r t i n g  va lues  of t h e s e  
c o e f f i c i e n t s  f r o z  diff-?ren+, c o n s m p t i o n  functions 
based on t ime s e r i e s .  , ' ~ u l ~ & :  / 6 / ,  Wdy& - Losonczy: 
/7/, k l t e t 6 :  /&/ / Then I s c a l e d  t h e n  t o  f i t  i n t o  
t h e  range o f  t h e  c r o s s  s e c t i o n  p a r a s e t e r s .  
Income was c a l c u l a t e d  t o  be t h e  sum of consmp- 
t i o n  f r o a  t h o  38 c a t e g o r i e s  p lus  t h e  pe r sona l  s a v i n g s  
ob ta ined  from t h e  n a t i o n a l  account  s t a t i s t i c s .  The 
12. This  e s t i s l a t i o n  was bzsed  on t h e  fami ly  survey  
d a t a  o f  8500 households fm 1376 t o  1978. 
13. On t h e  1969 d a t s  o f  4000 f a m i l i e s  Engel  curves  
were e s t i n a t e d .  
incwLt. c l : ; s t i c i t i c s  i;k,zz v r - - v s  b b c . A  t. cc;,ver-cc 6 t o  lir .2c;r inccze  
cocfficicr,t:: bzG s c s l e d  by t!lc Frozram. The 101% ran 
average r z t i o  of c o ~ ~ s m p t i o i ~  t o  iacose  t u r c e d  out  t o  
be ,96 . This f i g u r e  s e e m  t o  be r a t h e r  high, e s p e c i a l l y  
becnuse o u r  narrci-ied d z f i n i t i o n  of inccme and consump- 
t i o n  should lower this f i g u r e .  
The grouping nhich  was s e l e c t e d  i s  sholqr, i n  
t h e  Appendix. Subgroups were s e l e c t e d  only w i t h n  t h e  
FOOD group. Then I made a  s e r i e s  of rough es t ima t ions  
t o  f i n d  ou t  t h e  proper va lue  of 3 . The equations 
have been e s t h a t e d  wi th  ,>, = .J ,  .5 and .7. TO 
\ 
my s u r p r i s e ,  the  r e s u l t s  of  the  /.b = .3  case were 
a l r eady  acceptable ,  s i n c e  a l l  om-pr ice  e l a s t i c i t i e s  
were nega t ive ,  and complenentarity appeared only 
wi th in  the  IJOTGRCARS AID OP2RATIOB group, a s  
presuned. I n s p i t e  of  this sudden success  t h e  
improvement o f  t h e  f u n c t i o n s  - both i n  t e r n s  of 
economic and s t a t i s t i c a l  p l a u s i b i l i t y  - should 
fol low . 
For some s e c t o r s  - a s  I aent ioned before - 
' spec ia l  explanatory v ~ r i a b l e s  had t o  be used t o  
capture t h e  "shortagei1 e f f e c t s  not  incorpora ted  i n t o  
t h e  o r i g i n s 1  nodcl .  F o r  reasons of programming 
convenience, these  "specia l"  v e r i a b l e s  - i f  used - 
replaced t h e  f i rs t  b f f e r e n c e  'of i n c o ~ e  t e r n  i n  t h e  
l i n e a r  p a r t  of  t h e  r e spec t ive  equatfons.  The follow- 
ing t i n e  s e r i e s  were app l i ed  a s  s p e c i a l  explanctory 
var iabies :  
- A time t r end  beginning i n  1970 i s  a s s m e d  t o  
represent  i n  some casas  chznges i n  t h e  q u a l i t y  of 
supply a f t e r  t h e  i n t r o d u c t i o n  of t h s  s o  c a l l e d  
"nevi econonic ~ c l x ~ g : ~ ? e n t "  i n  1566, o r  I n  o t h e r  ccses  
j u s t  changes i n  t ~ s t e s .  i;nere t o  use this t r e n d  v s r i -  
a b l e  was decided s.inply on ~ n p i r l c a L  b a s i s .  I t  v;ss 
used i n  t h e  equat ions  of :icat Products ,  Other  Xeat  
and F i s h  P roduc t s ,  S p i r i t s ,  Nisc .  Textiles, Other  
S e r v i c e s  and o f  Other  Products .  
- Ins t a lmen t  loans  a r e  l i m i t e d  i n  Hungary 
and t h e y  a r e  g iven  t o  g e t  r i d  o f  s u r p l u s  supp ly  i n  
a  market w i t h  u n f l e x i b l e  p r i ces .  The v a r i a b l e  of 
i n s t a lmen t  l o a n s  is a semi-price v a r i a b l e  p laying  
t h e  r o l e  of  discounts .  
- Supply c o n s t r a i n t  v a r i a b l e s  were a p p l i e d  t o  
r ep resen t  t h e  eI ' fects  of l i m i t e d  supply  on  consunp- 
t i o n .  The t ime s e r i e s  of  con-alcoholic  beverages 
product ion  and imports  o f  personal  inotorcars were 
used i n  t h e  corresponding equat ions .  
- The da ta  on cons t ruc t ion  of  s t a t e  ovmed 
apartments  se rves  a s  a  proxy t o  r ep resen t  t h e  
s u b s t i t u t i o n  between housing a t  non ins l  and 
e f f e c t i v e  p r i c e s .  
- The s t o c k  of pe r sona l  motorcars  i s  a s s m e d  
t o  d e t e r n i n e  t h e  denand f o r  spa re  p a r t s  and r e p a i r  
s e r v i c e s ,  a s  a s  c a r  f u e l .  
Besides these  14  s p e c i a l  v a r i s b l e s  were used 
s u c c e s s f u l l y ,  I made some o t h e r  a t tempts  t o  inprove 
t h e  p l a u s i b i l i t y  o f  some equat ions .  Z.G. t h e  time 
s e r i e s  o f  s o c i z l  f r i n g e s  f o r  educat ion  and hea l th -  
care  were be l i eved  t o  r ep resen t  t he  s u b s t i t u t i o n  
between f r e e  and purchssed c o n s u p t i o n  of  t h e s e  
s e r v i c e s ,  but  ~ o n p l e m e n t a ~ t y  occured. For t h e  
case o f  c a r s  I t r i e d  a  d i f f e r e n t  approach. I n  t h e  
cors5 m2r;:l.t 2 sc>i - lezs i  s~co l l~h : - .1 ;~  2-l.k~t k z s  
dcvclopsd, s h c r e  t h e  i - c ; i l l ~ c z i ; i ~ ~ .  c f  L Z S E ~  c2rs c t r  
tzke p 1 . a ~ ~  c c  the  bas i s  of  corsu.xers7s choices. It 
is  of no quest ion,  t h a t  t he r e  i s  2 m r k e t  c lez r i :~g  
second hand pr ice .  That i s  why 2 s i t w t i o n  czn a r i s e  
when second-hand pr ices  a r e  higher thzn t he  p r ice  
of a new car .  Therefore i n  the denend fmct ion  an 
e s t h s t e d  second-hand pr ice  was t e s t e 6  ins tead  of 
the  cen t r a l l y  f i xed  pr ice  of new cars.  T h i s  t e s t  w s s  
made without s a t i s f a c t o r y  r e s u l t s .  
Applying s p e c i a l  v a r i t b l e s  did a l t e r  the  
range of t h e  est imeted within-group e l a s t i c i t i e s ,  
but d id  not  e f f e c t  the  in tergroup re la t ions .  This 
way it can be shovm how the  supply of non-alcoholic 
beverages modifies t h e  consumption /and pr ice  
e l a s t i c i t i e s /  o f  tobzcco, but i t  cznnot be detected,  
how many more shoes zre  so ld  i n  lac!t of s o f t  drinks.  
The es t imat ion r e s u l t s  are  not l e s s  setis- 
fac tory  than those of thz  nodel f o r  ae lg iun  /see the 
hpgendix /. Own-price e l a s t i c i t i e s  mnge from -.230 
f o r  Car Fuel  t o  -1.349 fok Underwear and Socks. The 
within-group renge of ovm-price e l a s t i c i t i e s  is  
reassuring about the  appropriateness of t h e  grouping, 
s ince  the  values s i g n i f i c a n t l y  d i f f e r  fzom - 2, 
i n  most of the  groups. Only the  co-modities i n  the  
groups of STL'X.XTS and DURLSISS occur t o  be 
i nde~enden t  .
The r e s u l t s  show t h a t  pr ice  snd income a r e  
doing an  impo~-tznt par t  of t he  explaining. Eoaever , 
the  high average absolute percentrge e r r o r s  /WE/ 
of some sec to r s  /e .g. Household IJachines , LIotorcars 
 in^ cz1- ],-gel/, 23 v;;:ll ;:: :-+-P, ., . .. , . ~ ' t ; c o r r ~ - l ~ t l ~ i :  
of r s ~ i & ~ l c l &  /i?20/ i l l  Ihc cs j s r i t y  02' eq:lcticr:s 
s q g e s t s  t i x t  t h e  i~r ) r~vc;~i i ' i : i  0 t h e  nc;dsl v ; o d d  be 
worth t r y i n s .  
A possibi.2 - znd rxjrbc f r u i t f u l  - v~sy  of 
model l ing  t h e  H1algaria:l co:;smption v;ith ~ l m o n  s
system o f  f u l c t i o x  ::.auld be t o  v~oric ou t  a method 
s u i t a b l e  f o r  t h e  e s t i m a t i o n  of  t h e  unobservable 
/ t h e o r e t i c a l /  "narltet  c l ez r ing"  p r i c e s .  These 
proxy-prices should  i n c o r p r a t e  the  c o s t  of queu- 
ing, t h e  l l p r i c e l l  o f  r ~ t i o n i ~ g ,  and t h e  o t h e r  
sho r t age  pheaomena. N l t u r a l l y ,  t h e  i n c ~ m e  i s  t o  
be r e d e f i n e d  t o  express  t h e  propens i ty  o f  consumers 
t o  w a i t ,  t o  s u b s t i t u t e  znd t o  seve.  Any i d e a  concern- 
ing t h e s e  problems is  v ~ e l c o r e .  
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Appendix: E l a s t i c i t i e s  and F i t s  f o r  &= ,3 
Sec to r  Commodity Income Time i n  $ P r i c e  E l a s t i c i t i e s  
Subgroup E l a s t i c i t y  of Las t  Year Own Group Subgroup General AAPE RHO 
.-. . -.-I-*.--. 
FOOD 
PORK 
Chicken-Meat 
Meat Produc ts  
Other Meat & F i s h  Prod 
Mi l k  
EGGS 
F a t s  & Vegetable O i l s  
Ceretllo 
Pota toe  
Sugar 
Vegetables P ~ o d u c t s  
F l u i t s  & Produc ts  
Sp ices  & Other  Food 
STIMULANTS 
------ 
16  Coffee & Tea 1 -425 -77 -.350 .O25 ,005 3.6 .55 
1 7  Mon-Alcoholic Cr inks  1 .283  -2 .28 .-.364 .OL1 .002 6.,5 .2,3 
21  Tobacco .910 .47 -.341 .034 ,007 2.6 .1:3 
11 Other Sweets 1.085 -36 -.352 .023 .005 3.7 .;? 
ALCOHOLIC EIEVERAGES 
18 Wires 1 ,250  - .30 -.748 -277 .013 4.3 - 3 2  
13 Beers 1.338 - .77 -.794 .231 .011 3.0 . 39  
20 S p i r i t s  1.535 -3.10 -.773 .252 .012 4.3 .36 
Appendix: E l a s t i c i t i e s  and F i t s  f o r  A =  3 Continued 
Income Time i n  $ P r i c e  E l a s t i c i t i e s  S e c t o r  Commodity 
Subgroup E l a s t i c i t y  of Las t  Year Own Group Subgroup General  AAFE RHO 
38 Real E s t a t e  I n v e s t  
DUR A I  LES 
045 -.337 0064 
27 F u r n i t u r e  1.403 - 40 -.374 .027 .007 3.3 .32 
28 Machines, Household 1.042 2.55. -.382 .019 .005 14.1 .75 
34 C u l t u r a l  Durables 932 -1 08 . . -.388 .@I3 . GC3 8.6 .2G 
36 Other P roduc t s  & Goods 1 . 0 3 1 '  035 -.387 ,014 .004 5.0 . ; ;C  
MOTORCAI S & OPERATION 
I 
3 1  Motorcars 2. 456 -1.99 -.261 -.045 .006 16.3 .c7 A 
32 C s r  Repa i r  & Sparepa r t s  1.491 . -2.68 -.232 -.016 .002 e..r . 22  ul 
33 
ul 
Car Fuel  1.491 -1 b84 -.230 -.014 .002 1 .Fi 
I 
22 T e x t i l e ,  Misc . 
2 3 Upper Wear .756 -81 -1.086 -588 .016 L . 0  . 7 1  
24 Un6erwear tl Socks 938 -1.25 -1.449 ,225 -006 .  4.3 .70 
2 5 Footwear .680 73 -1.421 -253 .007 3.3 .:-? 
MISC. GOODS & SERVICES 
15 c a t e r i n k  / p r i c e  G ~ P /  2.291 -1 06 - .704 -031  .004 5.0 .67 
26 Energy -767 41 -. 650 .085 .010 2.8 -35  
29 Xisc. llousehold Goods 1.359 - 0  77 -.591 . . 1 4 4  .017 2.9 ..:5 
30 Bea l th  & P h i s i c a l  Cu l tu  1.546 -.95 - .684 .051 .006 2 . 3  .58 
35 Other C u i t u r a l  Goods 1.395 -1.55 -. 618 . I17 .014 3.7 - 5 5  
37 Other Se rv i ce s  1.590 -1.53 - .668 .067 .008 4 .5  .€.I 
PART I11 
PROBLEMS CONNECTED WITH 
INVESTMENT FUNCTIONS AND ESTIMATION 
THE ESTIMATION OF THE INVESTMENT 
FUNCTIONS FOR THE ITALIAN MODEL 
M. Ciaschini 
T h i s  i s  a  r e p o r t  on the  e s t i m a t i o n  o f  t h e  investment  func t i ons  f o r  
t h e  c o n s t r u c t i o n  o f  a  dynamic econometr ic  i n t e r i n d u s t r y  f o r e c a s t -  
i n g  model o f  t h e  I t a l i a n  economy ( ' )  The model i s  b u i l t  f o r  t h e  
purpose o f  medium o r  l o n g  term a n a l y s i s .  The b a s i c  i dea  i s  t o  f o r e  -
cast ,  year-by-year f o r  t e n  years  ahead, i n d u s t r y  output ,  employ - 
ment, investment,  and o t h e r  f i n a l  demands w i t h i n  t h e  framework o f  
an i n p u t - o u t p u t  t a b l e .  The model l acks  t h e  p r i c e  s i d e  and income 
s i d e  o f  t h e  economy; t h e y  a r e  research p r o j e c t s  f o r  t h e  f u t u r e .  
The model i s  p a r t  of t h e  INFORUM ( I N t e r i n d u s t r y  FORecastingmodel 
U n i v e r s i t y  o f  M a r y 1 a n d ) i n t e r n a t i o n a l  i n p u t o u t y t  f o r e c a s t i n g  system. 
The I t a l i a n  m o d e l w i l l  be l i n k e d  v i a  a  c e n t r a l  t r a d e  model t o  s i m i l a r  
model. t o  s i m i  1  a r  models o f  e i g h  i n d u s t r i a l  c o u n t r i e s .  
The general  s t r u c t u r e  o f  t h e  model i s  exp la ined  i n  Sec t i on  I. The 
data  f o r  t h e  e s t i m a t i o n  o f  t h e  investment  f u n c t i o n s  i s  t hen  d e s c r i  -
bed i n  S e c t i o n  11. S e c t i o n  I 1 1  e x p l a i n s  t h e  investment  equat ions 
used i n  t h e  model, t h e  r e s u l t s  ob ta ined  i n  e s t i m a t i o n  and t h e  s i -  
m u l a t i o n  r e s u l t s  w i t h  t h e  es t imated i n v e s w e n t  func t ions .  
) INFORUM and INTIMO (Model l o  I t a l  i a n o  I n t e r i  n d u s t r i a l e )  a r e  t h e  
o r g a n i z a t i o n s  i n v o l v e d  i n  c o n s t r u c t i n g  t h e  model. A1 l t h e  ne - 
cessary  da ta  were p rov ided  by  INTIMO and t h e  model i ng techniques 
by t h e  INFORUM s t a f f .  
I STRUCTURE AND SOLUTION PROCEDURE 
.................................... 
Any model i s  based on a d e s c r i p t i o n  o f  t h e  economy. Macro models 
r e l y  on the  summary d e s c r i p t i o n s  o f f e r e d  by  t h e  tab1 es o f  t h e  na - 
t i o n a l  accounts; i n p u t - o u t p u t  models r e s t  on t h e  expansion o f  t he -  
se accounts t o  d i s t i n g u i s h  types o f  p roducts  and t h e  users  o f  each 
product .  F i g u r e  1 shows schemat ical l 'y  t h e  t a b l e  used f o r  t h e  I t a  - 
l i a n  model. The o u t p u t  o f  t h e  economy i s  d i v i d e d  i n t o  44 branches 
o r  products .  The sa les  o f  anyone o f  these branches i n  a p a r t i c u l a r  
y e a r  a r e  shown across a row o f  t h e  t a b l e  i n  F i g u r e  1 i n  t h e  column 
cor respond ing t o  t h e  buyer. There a re  a t o t a l  o f  113 o f  these buyer 
columns as f o l l o w s :  
M a t r i x  Number of 
Name - Buyer Columns Content  
t o t a l  
I n t e r m e d i a t e  s a l e s :  The s a l e  o f  one p ro  -
d u c t  t o  be  used i n  making a n o t h e r ,  e .g .  
s t e e l  s o l d  t o  a u t o  makers .  
The buye r s  a r e  23 s e c t o r s ,  a g g r e g a t e s o f  
t h e  44, f o r  which annua l  spend ing  on c a  -
p i t a 1  i nves tmen t ,  equipment  and p l a n t ,  
i s  a v a i l a b l e .  The s e l l e r s  a r e 1 5  s e c t o r s  
o t h e r  rows of  B a r e  a l l  z e r o .  
Four columns o f  government and non -go l e r  - 
nment spend ing  a r e  d i s t i n g u i s h e d :  
111 - Hea l th  
(21 - Educat ion  
131 - Other  
( 4 1  - Non Government S o c i a l  
I n s t i t u t i o n .  
Consumotion: The "buye r s "  a r e  c a t e g o r i e s  
of consumption from t h e  f  ami ly -budge t s  i n  
n a t i o n a l  a c c o u n t s .  
Expor t s  
Impor t s  
I n v e n t o r y  change 
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The elements t o  t h e  r i g h t  o f  t h e  double l i n e  i n  F i g u r e  1  a r e  known as 
f i n a l  demands. The sum o f  a l l  t h e  f i n a l  demands i s  t h e  gross domest ic  
product .  
The f o r e c a s t s  c o n s i s t  o f  t a b l e s  such as t h i s ,  one f o r  each y e a r  o u t  
t e n  years  o r  so i n t o  t h e  f u t u r e .  The b a s i c  l o g i c  begins w i t h  t h e  f o -  
r e c a s t  o f  consumption, expor ts ,  impor ts ,  and i n v e n t o r y  change, p r o  - 
duct-by-product .  Column t o t a l s  f o r  o t h e r  f i n a l  demands a r e  f o r e c a s t  
and d i s t r i b u t e d  t o  i n d u s t r i e s  accord ing t o  t h e i r  percentage s t r u c t u r e  
i n  t h e  base yea r .  Then we t a k e  t h e  v e c t o r  sum o f  a l l  t h e  f i n a l  demand 
columns, and c a l c u l a t e ,  by s o l u t i o n  o f  l i n e a r  equat ions ,  t h e  ou tpu ts  
which would be necessary t o  y i e l d  these f i n a l  demands, due account  be -
i n g  taken o f  t h e  requirements f o r  i n t e r m e d i a t e  goods. Thus, a  f i n a l  
demand f o r  c l o t h e s  necess i ta tes  p r o d u c t i o n  n o t  o n l y  o f  c l o t h e s  b u t  
a l s o  o f  t e x t i l e s ,  chemicals,  e l e c t r i c i t y ,  coa l ,  and so on. From o u t  - 
puts  so o b t a i  ned, employment may then be c a l c u l a t e d .  
I n  o r d e r  t o  f o r e c a s t  t h e  personal  consumption p o r t i o n  o f  f i n a l  demand 
however, we need t o  know personal  d i sposab le  income. We s t a r t  t h e  p r o  -
cess by  assumfng a  f u t u r e  course f o r  t h i s  v a r i a b l e .  L o g i c a l l y ,  we may 
then r e v i s e  i t  i n  e i t h e r  o f  two ways: 
1 )  so t h a t  t h e  r e s u l t a n t  employment matches a  p r o j e c t i o n  o f  t h e  l a -  
b o r  f o r c e  
2)  so t h a t  t h e  d i sposab le  income r e s u l t i n g  f rom t h e  wages, d i v i  - 
dends, i n t e r e s t  and r e n t a l  payments, l e s s  t h e  taxes,  shou ld  be 
equal t o  t h e  d i sposab le  income assumed i n  t h e  consumption f u n c t i  -
ons . 
We use techn ique 1. A l l  sho r t - t e rm macro-economic models use techn i  - 
que 2. 
Obviously,  Number 2  r e q u i r e s  a  complete system o f  wage,-income, and 
t a x  equat ions  t o  s p e l l  o u t  t h e  d i sposab le  income i m p l i e d  by  t h e  indu-  
s t r y  ou tpu ts  and employment. 
A t  present ,  t h i s  complete s t r u c t u r e  i s  a v a i l a b l e  o n l y  f o r  t h e  U.S. 
model. Even f o r  t h i s  model, however, t h e  second techn i?ue i s  seldom 
used because i t  assumes no changes i n  t a x  p o l i c y .  For  f o r e c a s t -  
i n g  t e n  yea rs  ahead, i t  seems s a f e r  t o  assume t h a t  taxes w i l l  be r e  -
v i s e d  t o  g i v e  s a t i s f a c t o r y  employment l e v e l s ,  and t h a t i s w h a t  t e c h  -
niques 1  assumes. Fo r  one o r  two yea rs  ahead , we can use t h e  d i s p o  -
s a b l e  income fo recas ts  f rom a macro model. 
One f u r t h e r  problem remains w i t h  t h e  b a s i c  l o g i c  o f  s o l u t i o n :  some 
of t h e  f i n a l  demands depend on t h e  l e v e l s  o f  o u t p u t  i n  t h e  same year, 
namely- investment,  impor t s  and i n v e n t o r y  change. I n  t h e  case o f  im- 
p o r t s  and i n v e n t o r y  change, t h e  dependence i s  s u b s t a n t i a l  and d i r e c t  
i n  t h e  sense t h e  impor t s ,  say, o f  a  p r o d u c t  depend on t h e  domest ic  
demand o f  t h a t  same p roduc t .  The i m p o r t  and i n v e n t o r y  change equa - 
t i o n s  are, t he re fo re ,  s i m p l y  i n c l u d e d  i n  t h e  s imul taneous s o l u t i o n  
o f  t h e  equat ions  f o r  t h e  outputs .  T h i s  s o l u t i o n  i s  accomplished by  
what i s  known as t h e  Se ide l  process. I n  t h i s  process, i n i t i a l  gues- 
ses a r e  made o f  t h e  s o l u t i o n ,  t hen  a1 1  o f  t h e  demands f o r  good 1  a r e  
computed and t h e  guess f o r  good 1 ' s  o u t p u t  r e v i s e d  t o  be equal t o  
i t s  demand. Then, w i t h  t h e  r e v i s e d  va lue  o f  good 1 ' s  ou tpu t ,  t h e  
demand f o r  good 2 i s  computed and i t s  o u t p u t  rev ised,and so th rough  
t h e  whole l i s t  o f  44 and then back t o  good 1  and through t h e  whole 
l i s t  aga in  and aga in  u n t i l  t h e  s o l u t i o n  converges. ('Three o r  f o u r  
t imes through i s  u s u a l l y  s u f f i c i e n t  because we can bo th  s t a r t  w i t h  
good guesses and a l s o  t a k e  t h e  sec to rs  i n  a  sequence which puts  
f i r s t  t h e  ones c l o s e  t o  t h e  consumer - thus  c l o t h e s  come before  
t e x t i l e s  and automobi les b e f o r e  s t e e l ) .  I n  t h i s  process, i t  i s  a  
s imp le  m a t t e r  t o  use t h e  i m p o r t  and i n v e n t o r y  equat ions  each t i m e  
t h e  demand f o r  a  good i s  be ing c a l c u l a t e d  t o  say how much w i l l  be 
s u p p l i e d  by impor t s  and how much r e q u i r e d  f o r  i n v e n t o r y  b u i l d i n g .  
A  d i f f e r e n t  approach must  be used t o  account  f o r  t h e  dependencyof, 
say, investment  by t h e  apparel  i n d u s t r y  on t h e  o u t p u t  o f  appare l ,  
f o r  investment by apparel e f fec ts  n o t  o n l y  apparel ou tpu t  b u t  a l s o  
ou tpu t  o f  machinery. For tuna te ly ,  t h i s  dependency i s  weak. We deal 
w i t h  i t  s imply  by c a l c u l a t i n g  investment on t h e  bas is  o f  our  f i r s t  
guess o f  outputs ,  complet ing the  Seide l  s o l u t i o n  o f  t h e  s imul tane -
ous equat ions f o r  outputs,  then going back t o  the  investment equa- 
t i o n ,  recomputing investment, and then coming back through t h e  Se - 
i d e l  computation. ( ~ w i c e  through t h i s  process i s  general1 enough). 
When t h e  outputs  f o r  one year  have been computed i n  t h i s  way, we 
can move on t o  t h e  next ,  and then on t o  the  next .  Thus, we b u i l d  
up the-sequence o f  t a b l e s  such as one shown schemat i ca l l y  i n  Figu- 
r e  1. 
- 
I I ,  DATA 
---------- 
The main data source i s  t h e  1/0 t a b l e  f o r  1975 c u r r e n t  p r i c e s ,  t h e  
f a m i l y  budgets, t h e  c u r r e n t  and constant  p r i c e s  ou tpu t  index f rom 
1959-'80 compiled by ISTAT ( I s t i t u t o  Cen t ra le  d i  S t a t i s t i c a ) .  The 
1/0 t a b l e  shows t h e  sa les  o f  44 branches t o  in te rmed ia te  u s e b y t h e  
same 44 t o  personal consumption, t o  investment, t o  government,to 
expor ts ,  and t o  i n v e n t o r y  changes. 
O f f s e t t i n g  impor ts  a re  shown by branch. A1 1 t h e  f i g u r e s  i n  t h e  1/0 t a  
- 
b l e  are  i n  producer 's  p r i c e s .  The f a m i l y  budgets a r e  arranged i n  
40 consumption i tems corresponding t o  t h e  40 consumption sectors .  
For  t h e  est imat ion o f  investment equat ions we have t h e  ISTAT s e r i  -
es o f  t h e  investment by s e l l i n g  and purchasing sec to r  f r o m  1970 
t o  1978, t h e  purchasing sec to rs  a r e  23 according t o  t h e  N.A c l a s s i -  
f i c a t i o n .  The ISTAT input -output  tab les  g i v e  o n l y  one column f o r  : j ross  
c a p i t a l  fo rmat ion.  Because t h e  i n v e s b e n t  d e c i s i o n  i s  made hy the  pur  
- 
chasers o f  t h e  investment goods, we wish t o  es t ima te  investment by 
purchases and then t o  d i s t r i b u t e  i t  over t h e  44 sec to rs  by us ing a 
c a p i t a l  f l o w  m a t r i x .  The c a p i t a l  f l o w  m a t r i x  ( B )  showing sa les  
f rom each o f  t h e  44 producing sec to rs  t o  each of t h e  23 equipment 
purchasing sec to r  i s  a v a i l a b l e  f o r  t h e  I t a l i a n  economy 1975. 
I I I, INVESTMENT FUNCTIONS 
........................... 
The e s t i m a t i o n  o f  s e c t o r a l  investment  func t i ons  f o r  I t a l y  i s  n o t  a  
minor problem. On t h e  one hand t h e  a v a i l a b l e  s e r i e s  a r e  s h o r t  and 
t h e i r  p r o f i l e  r a t h e r  f l a t  and sparse, on t h e  o t h e r  hand s e c t o r a l  i n  -
vestment i s  i n f l u e n c e d  i n  d i f f e r e n t  measure b y  p a r t i c u l a r  phenomena 
such as t h e  change of techno log ies  through replacement and t h e  unu- 
sed c a p a c i t y .  Given such a  s i t u a t i o n  our  s tudy  concen t ra ted  on t h e  
e s s e n t i a l s  of investment  behaviour:  t h e  c a p i t a l  o u t p u t  r a t i o a n d  t h e  
p a t t e r n  o f  t h e  l a g  between increases i n  ou tpu ts  and t h e  i nc rease  i n  
c a p i t a l  s tock  they  s t imu la te ,  l e a v i n g  t o  a  f u r t h e r  i n v e s t i g a t i o n  so- 
me programmed hypothes is  on t h e  s e c t o r a l  investment  f u n c t i o n s .  
Investment da ta  f o r  I t a l y  d i s t i n g u i s h  23 i n v e s t i n g  i n d u s t r i e s  and 
i n c l u d e s  eau i  pment and p l a n t .  
T o t a l  investment  i s  t h e  sum o f  replacement p l u s  expansion investment.  
I f  replacement i s  p r o p o r t i o n a l  t o  t h e  s tock  o f  c a p i t a l ,  and s tock  i s  
p r o p o r t i o n a l  t o  ou tpu t ,  o r  b e t t e r ,  t o  smoothed ou tpu t ,  then rep lace -  
ment i s  p r o p o r t i o n a l  t o  t h e  smoothed ou tpu t ,  t hus :  
- 
Replacement = r k Qt, 
t 
where k  i s  t h e  c a p i t a l  o u t p u t  r a t i o ,  r i s  t h e  replacement r a t e ,  and 
ot i s  smoothed ou tpu t .  Expansion investment  we t a k e  t o  be j u s t  t h e  ca- 
p i t a l - o u t p u t  r a t i o  t imes a  d i s t r i b u t e d  l a g  on changes i n  ou tpu t ,  thus :  
Expansion = K Z wi A Qt-i 
i = C  
where : 
T o t a l  investment,  V ,  i s  t he re fo re :  
or :  
w i t h  z w = 1. i 
For  smoothed ou tpu t  we took 
where Q i s  ou tpu t  o f  t h e  i n v e s t i n g  i n d u s t r y  i n  1975 p r i c e s .  To enfor  t - 
ce t h e  requirement t h a t  t h e  w 's  sum t o  1 .O, we s e t :  
S u b s t i t u t i n g  t h i s  equa t ion  i n t o  (2 )  gave t h e  ac tua l  r e g r e s s i o n  equa - 
t i o n  f o r  t h e  t h r e e  years  l a g  ( ~ 2 ) .  
Only t h r e e  parameters, k, kwo, and kwl, a r e  es t imated by t h e  regres-  
s ion .  For  use i n  t h e  f o r e c a s t i n g  model, kw2 i s  c a l c u l a t e d  from: 
We emphasize t h a t  t h e  main p o i n t  o f  t h i s  equat ion i s  t o  o b t a i n  a  reaso -
nable es t ima te  k  f o r  f o r e c a s t i n g  t h e  investment responses t o  increases 
i n  ou tpu t .  It would be easy t o  improve t h e  f i t  t o  h i s t o r i c a l  da ta  by 
adding, f o r  example, an i n t e r c e p t  o r  a  lagged va lue  of t h e  dependent va -
r i a b l e .  
We t r i e d  t h e  e s t i m a t i o n  o f  t h e  t h r e e  an f o u r  years l a g  (n=2, n=3).  Given 
a c a p i t a l  replacement r a t e  equal t o  10 percent  we ob ta ined  the  r e s u l t s  
shown i n  t a b l e  1 and 11. The goodness o f  t h e  f i t  i n  terms of t h e  avera - 
ge abso lu te  percentage e r r o r  (aape) i n  s l i g h t l y  b e t t e r  i n  the  four -years-  
l a g  e s t i m a t i o n  b u t  t h i s  i s  obta ined w i t h  an h igher  percentage o f  wi's bee -
i n g  negat ive.  For some investment equat ion t h e  f i t  i n  terms o f  AAPE seems 
t o  be reasonable: i n  seven cases AAPE i s  sma l le r  than 10%. I n  e i g h t  cases 
AAPE i s  equal t o  10-13%. I n  f o u r  cases equal t o  18-20% and i n  t h e  remain- 
i n g  f o r  equal t o  30%. 
A l l  c a p i t a l  ou tpu t  r a t i o s  appear sens ib le  i n  terms o f  t h e  standard e r r o r  
o f  t h e  c o e f f i c i e n t ;  w h i l e  a t  l e a s t  i n  one t h i r d  o f  t h e  cases t h e  wils show 
/a standard t o o  low. 
Other e s t i m a t i o n  experiments were performed w i t h  d i f f e r e n t  assumptions on 
t h e  c a p i t a l  replacement r a t e  f o r  t h e  th ree  and f o u r  years l a g .  
Tabel I 1 1  show how t h e  f i t  o f  each investment f u n c t i o n  v a r i e s ,  i n  terms 
o f  AAPE, when v a r y i n g  t h e  c a p i t a l  replacement r a t e .  I n  general  we can say 
t h a t  t h e  f i t  investment f u n c t i o n s  w i t h  aape n o t  g rea te r  than 13% i n  t h e  
previous e s t i m a t i o n  (r=10% becomes b e t t e r  when v a r y i n g  the  c a p i t a l  r e p l a -  
cement r a t e  i n  t h e  range from 2,25% t o  25%. I n  the. o t h e r  cases aape v a r i e s  
much s l i g h t l y  even f o r  s u b s t a n t i a l  v a r i a t i o n s  i n  r. The f i t t i n g  o f  some 
investment equat ion i s  shown i n  tab  I V .  The s i m u l a t i o n  o f  t h e  e n t i r e  mo- 
d e l  was performed us ing  t h e  c o e f f i c i e n t s  shown i n  tab.  V f o r  t h e  sec to ra l  
investment f u n c t i o n s .  
An aggregated summary o f  t h e  r e s u l t s  obta ined f rom a p r e l i m i n a r y  s i m u l a t i -  
on experiments i s  shown i n  t a b l e  I V .  Even i s  n o t  r e f i n e d  t h e  investment 
f u n c t i o n s  seem t o  work reasonably i n  t h e  s imu la t ion .  The l a s t  
kown d a t a  f o r  investment i n  t h e  78 f i g u r e .  Next values f o r  the 
r a t e  of change of investment show a 12.45 per  cen t  f o r  79 a 9.40 per  c e n t  
f o r  80 abd a decrease o f  1.88 per  cen t  f o r  81. 
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TABLE I : RESULTS OF THE ESTIf.1ATION OF THE SECTORAL INVESTMEXT FUNCTIONS WITH REPLACEMENT RATE EQUAL 10 PERCENT 
SEE 
196.90 
RHO 
0.461 
AAPE 
7.63 1. AGRICOLTURA. SILVICOLTURA E PESCA 
3. MINERAL1 E METALLI FERROSI E NON 
FERROSI 
4. MINERAL1 E PROOOTTI 01 BASE Ol 
MINERAL1 NON METALLIFERI 
5. PROOOTTI CHlMlCl E FARMACEUTICI 
6. PROOOTTI METALLIC1 ESCLUSO 
MACCHINE.TRASPORT0 
8. MACCHINE PER UFFICIO. STRUMENTI 
E OTTlCA 
9. MATERIAL1 E FORNITURE E L m R l C H E  
10. MEZZI OI TRASPORTO 
11. ALIMENTARI. BEVANOE, TABACCO 
12. TESSILI. ABBIGLIAMENTO PELLI. CALZATURE 
13. CARTA. CARTOTECNICI 
14. GOMMA. MATERIE PLASTICHE 
LEGNO. MOBILI E ALTRI INOUSTRlALl 
COSTRUZIONI 
COMMERCIO 
ALBERGHI E PUBBLlCl ESERClZl 
TRASPORTI 
COMUNlCAZlONl 
CREOITO E ASSlCURAZlONl 
SERVlZl VARl 
SERVlZl NON OESTlNABlLl ALLA VENOITA 
TABLE I1 : RESULTS OF THE ESTIMATION OF THE SECTORAL INVESTMENT FUNCTIONS WITH REPLACEMENT RATE EQUAL 10 PERCENT 
SEE RHO AAPE 
7.60 
6.39 
32.96 
13.58 
13.56 
18.37 
11.77 
1. AGRICOLTURASILVICOLTURA E PESCA 1.150 0.409 0.429 0.154 187.447 0.659 
(0.W7) (0.1761 (0.101) (0.160) 
3. MINERAL1 E METALI FERROSI E NON 0.958 4.133 0.026 1.005 446.613 0.355 
FERROSI (0.153) (0234) (0.183 (0.390) 
4. MlNERALl E PRODOTTI D l  BASE Dl 0.613 0.338 0.444 4.323 92.322 4.182 
MINERAL1 NON METALLIFER1 (0.030) (0.2241 (0.177) (0.191) 
5. PRODOll l  CHlMlCl E FARMACEUTlCl 
6. PRODOll l  METALLIC1 ESCLUSO MACCHINE 
TRASPO RTO 
7. MACCHINE AURICOLE 
8. MACCHINE PER UFFICI0,STRUMENTl 
E D l l l C A  
9. MATERIALE E FDRNITURE ELElTRICHE 
10. M U Z l  Dl TRASPORTO 
11. ALIMENTARI, BEVANDE E TABACCO 
12. TESSlLl,A8BlGLlAMENTO PELLI. 
CALZATURE 
13. CARTA. CARTOTECNICI 
15. LEGNO. MOBILI E ALTRI INOUSTRIAL1 0.090 0.087 0.013 4.092 58.769 0.462 (0.013) (0.037) (0.030) (0.064) 
18. ALBERGHI. PUBBLICI ESERClZl 
20. COMUNlCAZlONl 
21. CREDIT0 E ASSICURAZIDNI 
22. SERVlZl VARl , 
23. SERVlZl NON DESTlNABlLl ALLA VENDITA 1.350 1.802 4.550 -1 .857 296.753 0.270 
(0.057) (0.852) (0.145) (0.765) 

TABLE I V  SOME REGRESSION RESULTS WITH DIFFERENT REPLACEMENT RATES 
SECron 1 ACRICOLTUHA,SILV~COTURA E PE BUlLDlNCS 
RHO - 0. 6 5 9  AAPE - 7 .  6 0  
VAH 1 ABLE RECRES--COEF STD. E R R M  T -VALUE 
CAPITAL /WTP 1. 150624 0. 0 3 7 1 3 1  30. 9 7  17 
DOIT) 0 .  409448  0 .  I 7 6 6 7 7  2. 3 1 7 3  
D 0 0 - I  1 0 4 2 9 1 4 5  0 .  181208 2. 36612 
DO1 1 -31  0. 154637  0. 160218  0 .  9 6 3 2  
GRLlSS INVEST DEPENDENT VARIABLE 
DATE AC'I1.=4 PREDIC-+ HISS-P-A. 4 4 4 4 
7 0  1 5 9 8 . 0 0  1 9 1 1 . 0 2  3 5 3 . 0 2  
7 1  1 7 2 6 . 0 0  10'78.16 1 7 2 . 1 6  "1~.i 
7 2  1 0 3 5 . 0 0  1 8 3 3 . 9 0  -1.10 
7 3  1735. 0 0  1779.  8 5  4 4 . 8 3  
74  1763. 0 0  1601. 3 8  - 1 6 1 . 6 2  
7 5  1 8 7 0 . 0 0  1723. 1 6  -146 .84  r= .10 
7 6  2045.  00 2 0 6 8  1 6  23.  1 6  
7 7  2019 .  0 0  2 0 1 9 . 8 7  -49. 1 3  
7 0  2167.  00 1 0 9 4 . 6 3  - 2 7 2 . 3 7  
DATE ACTIF. r n E D I c =  t ISS=P-A* 
>.,* 
4 4 4 4 4 4 4 4 4 
0. 0 3 7 2 . 6  7 4 3 . 2  1 1 1 7  9 1470. 3 1063. 1 2rJS. 7 2608.  4 2701.  0 3 3 3 3 . 6  
OECrOR 4 MIMERALI E PROD. D I  DASE M BUILDIN09  
RliO 0. 1 2 0  AAPE = 16.  1 2  
VAn IADLE RECRES-COEF STD. ERROR T - V K V E  
CAPITAL/OUTP 0.  903705  0. 0 5 8 9 8 3  15. 3 2 1 4  
D(I(T) 0. 3 1 3 4 5 0  0. 2 2 2 6 0 3  I. 4081  
DQIT - I )  0 .  3 0 7 5 4 8  0. 1 4 5 5 4 8  2. 6 6 2 7  
CROSS INVEST DEPEIJDENT VARIAOLE 
DATE ACTL-4 PREDIC=+ HISS-P-A* 4 4 
7 0  577.  00 433. 3 4  -143. 6 6  
7 1  447. 0 0  435 .  1 9  - 1 3 . 8 1  
7 2  3h4.  0 0  4 1 7  3 4  33. 3 4  
7 3  525.  0 0  463. 9 5  -61. 0 5  
+- - - - - -  - - - -  
7 4  ~ 4 6 . 0 0  500. 0 2  -137. 9 8  - = r=.05 
7 5  434. 0 0  571.  6 6  137. 6 6  
7 6  426. 0 0  463. 9 1  37.  9 1  
7 7  4 1 4 . 0 0  440. 47  26.  4 7  
7 8  3 6 4 . 0 0  443. 82 81.  8 2  
DA IE  ACTL=* IaREDIC=+ H19S=P-A4 4 4 4 4 4 4 4 
0. 0 93 .  3 1 8 . 6  279 .  9 3 7 3 . 2  4 6 6 . 6  5 5 9 . 9  833. 2 746. 5 
SECTOR 5 C H I t l l C l  E FARACEUr lC l  BUILDINGS 
RIIO = 0. 0 6 1  A W E  = 9. 3 7  
V M  IAD1.E RECHES-COEF STD. ERROR 
CAP1 TAL /WTP 1. 439371  0. 0 6 2 4 4  1 
DO(T) 0. 480208  0 .  0 7 2 4 5 7  
D Q t T - I 1  0 .  2 4 2 7 9 6  0 .  O 8 O M 6  
CROSS IM'EST DEPENDENT VARIABLE 
DArE ACTI-=* PREUIC=+ MISS-P-A* 4 
7 0  1233. 0 0  1246. 9b 13. 9 6  
71 l l f J 0 .  0 0  946. 0 4  -233.  9 6  
7 2  10'23. 00 978 .  9 4  -44. 0 6  
7 3  1147.  0 0  U37. 8 3  -309. 1 7  
7 4  1321. 0 0  1413. 02 8 9 . 0 2  
7 5  1225.  00 1370. 88 145. 8 0  
7A 1245.  0 0  1251.  62 6 6 2  
7 7  1103. 00 1223.  9 3  120 .93  
7 9  7 8 1 . 0 0  8 1 0 . 6 4  2 9 . 1 4  
DATE ACTL-4 PREUIC-c HISS-P-A4 
0. 0 228.  0 
T-VALUE 
23.  osln 
6 . 6 2 7 5  
3. 0 0 9 9  
V M  I AflLE REGREO-COEF BTD. EARfIII 1'-VN.M 
C W l  l A L / W l P  0. 4 4 1 4 3 0  0 . 0 2 4 4 6 0  18. 0 4 7 5  
DOf T 8 0 .  I 2 8 2 8 4  0 . 0 3 4 7 1 9  2. 3 4 4 6  
D O ( T - I )  0 . 0 1 6 0 3 7  0 . 0 5 1 0 7 3  0 .  3l:19 
DO( T-3) 0. 1 2 6 2 9 2  0 . 0 9 0 9 0 4  2. 4 7 7 1  
CAORS INVEST DEPFNDENT V M  I A B L E  
I)AE AClL=. PAEDIC-+ ~ISSPP-n. . . . 
7 0  3 3 9 . 0 0  2 9 3 . 3 9  - 9 5 . 6 1  
7 1  2 9 9 . 0 0  400.  7 3  109. 7 3  
7 2  303.00 2 7 6 .  33 - 2 6 . 6 7  
7 3  3 9 8 . 0 0  3 9 R . 0 8  0 .  Qn 
7 4  . 4 2 1 . 0 0  3 9 8 .  6 5  -22. 3 5  
7 5  3 1 6 . 0 0  3 2 0 . 0 0  4. OB 
7 6  3 2 3  00 3 0 2 .  8 3  5 7 . 8 3  
7 7  4 0 4 .  00 3 0 0 .  7 0  - 1 5 . 3 0  
7 8  3 6 4 .  00 3 0 4 . 7 6  - 3 9 . 2 4  
DATE ACTL-8 PREi l IC-+ HlSSmP-A. 8 • rn 
0. 0 71. 3 1 4 3 .  1 2 1 4 .  6 
SECTCWI 1 0  M E Z Z l  U l  m f i S P O I f l 0  I)\JILDINCS 
ulm = 0 . 2 2 3  WE - 11.93 
V M I A D L E  REGRE!?-COEF 5TD. ERROn T-VAI-UE 
CIIP ITAL/OIJTP 0 . 8 7 4 2 3 1  0 . 0 4 1 0 3 1  R I .  7 7 4 7  
DOIT)  0 .  4 8 9 6 5 0  0 .  0 6 2 3 3 7  7. R:!V7 
Dfl(T-1) 0.20100:! 0 . 0 6 3 5 7 3  3 .  11-17 
CRUS9 INVEST DEPEHOENT V M  IAOLE 
U A l E  ACIL-. PREDIC=+ HIES-P-AB • • 8 
7 0  6 0 9 . 0 0  4 2 1 . 4 1  - 1 0 7 . 3 7  C--- 
7 1  rill. 00 097.  6 6  7 8 . 6 6  
7 2  6 8 3 . 0 0  6 4 3 . 9 1  - 3 7 . 0 9  
7 3  7 7 1 . 0 0  7 6 9 . 8 1  -1. 1 7  
7 4  0 7 2 . 0 0  9 0 6 . 3 4  1 4 . 3 4  
7 3  3 4 9 . 0 0  6 0 2 . 0 2  1 3 3 . 0 1  
7 6  509.  00 9 5 9 . 0 6  4 6  0 6  
7 7  6 2 4 . 0 0  5 3 7 . 6 2  -66. 30 
711 h 7 7 .  00 5 7 1 . 9 3  - 1 0 9 . 0 5  
n n i ~  ACIL=. PREDIC-t ~ISB-P-A. . 
0. 0 136.  3 2 7 2 . 6  400.  I 
CECTOn I t  A L I W N T M I .  BEVNdOE E TnDACC DUlLDlNOZi 
nlm 3-0. 143 AWE - J .  6 8  
VM I~OLF: REGIIES-COEF STD. E n n m  
CN'IT~LI~IU~P 0. 302514 0. 0067 18 
DO( T ) 0 . 0 6 3 4 3 0  0.0 1 7 2 9 0  
DOtT-1)  0 . 0 6 7 7 1 0  0 . 0 1 5 7 3 7  
DO( 1 - 3 )  0 . 0 3 2 6 7 0  0 . 0 1 9 9 7 0  
CRUFlR INVEST DEPENI!E14T VAn l An1 E 
DATE ACTL-• P n E l l l C - +  MISS-P-A. s 
7 0  476. 00 4 2 0 . 0 2  - 3 3 . 9 0  
7 1  4 1 0 . 0 0  . 4 3 0 . 9 7  - 1 . 0 1  
7 2  407.  00 400.  1 0  -0.90 
73 4 7 9 . 0 0  1 4 1 .  I 4  42. 1 4  
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TABLE V : INVESTMENT FUNCTIONS COEFFICIENTS USE0 IN THE SIMULATION 
AGRICOLTURA SILVICOLTURA E PESC.4 
PROOOTTI ENERGETIC1 
IrllNERALl E METALLI FERROSI E NON 
FERROSI 
MlNERALl E PRODOTTI Dl BASE Dl 
MlNERALl NON MnALL lFER l  
PROOOTTI METALLIC1 ESCLUSO 
MACCHINE TRASPORTO 
MACCHINE PER UFFICIO, STRUMENTI 
E OTTlCA 
MATERIALE E FORNlTURE ELEITRICHE 
M E U l  Dl TRASPORTO 
ALIMENTARI, BEVANOE E TABACCO 
TESSILI. ABBIGLIAUENTO PELLI. 
CALZATURE 
CARTA, CARTOTECNICI 
GOMMA E MATERIE PLASTICHE 
LEGNO, MO8lLl E ALTRI INOUSTRIALI 
17. COMMERCIO 0.05851 0.45769 
18. ALEERGHI, PUBBLlCl ESERCIZI 0.04 140 0.12763 
.19. TRASPORTI 0.14690 0.51760 
20. COMUNlCUlONl 0.30564 0. 
21. CREDIT0 E ASSlCURAZlONl 0.03954 0.09583 
22. SERVlZl VARl 0.3 1666 139620 
23. SERVIZI NON OESTlNABlLl A L U  VENOITA 0.135C2 0.64629 
TABLE V I  : AGGREGATED RESULTS OF THE SIMULATION PERCENT CHANGES 
75-78 76-77 77-78 78-79 79-80 80-81 82-85 
GNP 3.61 4.64 1.65 6.03 4.63 -0.80 3.43 
RISORSE DISPONIBILI 3.75 5.30 1.47 6.44 5.01 -1.09 3.64 
AMMlNlSTRAZlONE 3.64 2.00 0.60 0.06 1.09 0.40 2.61 
ISTRUZIONE 3.64 2.00 0.60 0.05 1.09 2.79 1.71 
SANITA' SERVIZI SANITARI 3.64 1.67 0.83 0.06 1.09 0.41 249 
CONSUMI COLL. PRlVATl 3.64 2.00 0.50 0.06 1.09 0.4 1 1.48 
CONSUMI DELLE FAMlGLlE 3.36 2.20 2.97 6.20 4.28 -4.70 2.60 
ESPORTAZIONI 11.91 9.88 3.10 6.43 4.13 3.48 5.30 
IMPORTAZIONI 13.09 0.12 3.97 7.48 5.61 -1 .b? 3.04 
VARlAZlONl DELLE SCORTE 0. 50.39 -14.39 50;16 8.02 -1 19.52 17.63 
INVESTIMENTI FlSSl LORD1 1.32 0.47 4.21 12.46 9.40 -1.88 .3.17 
OCCUPAZIONE INTERNA 0.50 0.53 0.71 0.86 0.89 1.20 0.80 
CHANGES OF INPUT COEFFICIENTS AND 
, P O S S I B I L I T I E S  TO FORECAST THEM: 
A <FINNISH CASE 
0. Forssell 
Character is t ics  of the Finnish project  , s e n s i t i v i t y  of input 
coef f ic ien ts ,  prelimiaa3y r e s u l t s - o f  observed changes of 
coeff ic ients  and p o s s i b i l i t i e s  t o  forecast  coef f ic ien ts  are 
considered i n  t h i s  paper. 
1. Character is t ics  of the  Finnish Inp~&Output Model System. 
Several circumstances a f fec t  on compilation of a  nat ional  
model, The most important ones a re  the goals of the model, 
charac ter i s t ics  of the  project  and available s t a t i s t i c a l  data. 
The Finnish input-output model system (FMS) i s  b u i l t  in order 
t o  evaluate the  a l t e rna t ive  s t r a t eg ies  f o r  the  development of 
the Finnish economy i n  the long range. S t ra teg ies  are examined 
i n  connection with (a )  the  r ea l i za t ion  of the economic possibi l -  
i t i e s  of soc ia l  goals,  (b) the  projections of the  perspectives 
of in te rna t iona l  t rade  t o  the p o s s i b i l i t i e s  of the  development 
of the Finnish economy, and ( c )  the  new p o s s i b i l i t i e s  and the 
needs f o r  adjustment created by tecnological change. This means 
tha t  the  model i s  more a  simulation than forecasting model. 
It has some cha rac te r i s t i c s  of growth model, when it i s  used 
mainly f o r  analyzing long range development. It should have 
l inks  with in te rna t iona l  t rade flows. Technological change 
should have spec ia l  considerations i n  formulating the model. 
The model building project  i s  going on i n  the  Department 
of Economics a t  the University of Oulu 'I . This means t h a t  the  
project  has acadeiic features .  We t r y  t o  get a s  s o l i d  theore t ica l  
base a s  possible f o r  i t :  simple s t ruc tures ,  behavioral equations 
c lear  and wellfounded solutions f o r  problems. This i s  a t  l e a s t  
the  aim, but when construction of the  model i s  i n  prac t ice ,  
as  much art as  science, some compromises must always be made. 
Another acadenic fea ture  i s  lack of finance and very l imited 
resources. This leads t o  stepwise development of the  model. 
We start with a  slim version and then proceed l i t t l e  by l i t t l e  
toward a  more developed system. The Academy of Finland has 
financed us during th ree  years about 4 research years and from 
other sources we have got 3 research years. Ln addit ion we 
have had about 3 a s s i s t a n t  years. Use of computer time i s  f r e e  
i n  the univers i ty  but programming must be paid f o r  o r  made by 
oneselves. 
The members of the  team pursue t h e i r  s tudies  a t  the  
univers i ty  simultaneously a s  they work a t  t h e  project .  It was 
then purposeful1 t o  divide r e spons ib i l i t i e s  i n  the  project  
s o  t h a t  the  members could do t h e i r  doctoral  t h e s i s  on the  
subject they study in t h e  model. Sectors l i k e  incomes and t h e i r  
use, investment and growth, foreign t rade  were respons ib i l i ty  
areas. This kind of organisatory division seems t o  work and 
I  
members of the  team learn  by doing . 
I Available s t a t i s t i c a l  data  a f f e c t s  on s t ruc ture  of 
the  model, c l a s s i f i c a t i o n ,  and estimation p o s s i b i l i t i e s .  
The s t a r t i n g  point  f o r  i ndus t r i a l  c l a s s i f i c a t i o n  i n  the model was 
the l a t e s t  ava i lab le  input-output t ab le  of the  Finnish economy. 
It was f o r  t h e  year 1970 and it had 65 indus t r ies .  A s  an input- 
output man I p re fe r  the  model with as  a  de ta i led  i n d u s t r i a l  
c l a s s i f i ca t ion  a s  possible.  It i s  always eas ie r  t o  aggregate 
than t o  disaggregate. But we had a  l o t  of t rouble  and work t o  be 
done i n  order t o  get  time se r i e s  f o r  gross outputs,  f i n a l  demand 
and primary input  i tems,  pr ices ,  employment, and cap i t a l  stocks. 
I  The team works a t  t h e  Department of Economics a t  the  University 
of Oulu and i t s  members are Osmo Forsse l l ,  Jukka Karrymaki, 
Ilmo Maenpaa and Rauli Svento. 
Time se r i e s  a r e  not  available i n  nat ional  accounts according t o  
the same i n d u s t r i a l  c l a s s i f i ca t ion  as input-output t ab le  has. 
This was the  f i r s t  reason t o  reduce number of indus t r i e s  t o  38 
industr ies .  Another reason was heavy work in gathering,  
formulating, quessing, l inking and def la t ing  data.  Making of 
the data bank f o r  the  model took about 2/3 of the  time available 
f o r  the  project  and the f igures  avai lable  a re  not  f i n a l ,  ye t .  
It was necessary t h a t  the r e a l  work, l e t  us  say productive 
work, the model building i t s e l f  had t o  be s ta r ted .  
Classi f icat ion problems were not f inished yet .  In Central 
S t a t i s t i c a l  Office the revision of SNA was going on and as  
a  r e s u l t  of t h a t  work s t i l l  another c l a s s i f i c a t i o n  scheme 
appeared. Unfortunately it has fewer Zndustries than we planned 
i n  the beginning of o u r  work. So the f i n a l  or  b e t t e r  t o  say 
updateted i n d u s t r i a l  c l a s s i f i ca t ion  which we now have comsists 
of 30 indus t r ies .  
Revision of SNA had some advantages a lso from o u r  point 
of view, Income accounts are b e t t e r  and cons is t s  more s ~ i t a b l e  
information f o r  building income and outlay submodel. However 
input-output t ab le  i s  not a  consistent  p a r t  of nat ional  accounts. 
2. The 59 m o s t  sens i t ive  input coef f ic ien ts  
The following t ab le  indicates  how the  59 most sens i t ive  input- 
output coeffici 'ents are d is t r ibuted  among indus t r ies  of the  
model, Coefficients are arranged by rows and by columns. The 
row coeff ic ien ts  ind ica te  t h a t  the  output of the  industry i s  
sens i t ive  f o r  intermediate demand of i t s  products (output).  
When we examine coeff ic ients  columnwise t h e i r  sens i t ive ly  i s  
studied from production process point of view ( inputs) .  For 
instance we take the industry n:o 22 Basic metal industr ies :  
it has four coef f ic ien ts  on output s ide  and three on input side. 
They are  the following ones: 
output of basic metal indus t r i e s  were used by 
- basic metal indus t r ies  1,21 
- manufacture of machinery 6,57 
- manufacture of e l e c t r i c a l  machinery 9,57 
- manufacture of metal products 11,09 
The 53 most s e n s i t i v e  input-output  coefficients 
u t - - in  T ~ E  c l z s s i f i c a t i o n  of i n d u s t r i e s  
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01. ! .griculture,  hunt ing and f i s h i n g  
02. F o r e s t r y  and log gin^ 
03. Fiining 2nd. q u z r r t i n z  
04. S laugh te r ing ,  p r e p a i r i n z  end p rese rv ing  n c a t  
05. t :anufacture og d a i r y  products 
06. Grain r ~ i l l  products ,  xanufac ture  o r  baker:: products  
07.' 0ti.lcr nanufzc ture  of food products  
08. Beverage arid tobacco i n d u s t r i e s  
09. T!anufacture of t e x t i l e s  
10. 1Sznufactur.u of c l o t h i n g s ,  f u r  and l e a t h c r  products  
1  1  . Sawing, p l z n i n ~  and preserv ing  
12. Othcr nsinufacture of wood 
1 3 . P u l ? m i l l s  
14. 1;Ianufacture of paper and paperboard 
15. 1.lanufacture of pulp,  paper and psiperboard a r t i c l e s  
14. , P r i n t i n g  and publ i sh ing  
17. 1:lanufacture of  chen ica l s  
18. I.:.anufacturc of  c h e ~ l i c z l  ~ r o d u c t s  
19. Te t ro leun  refineries, ~: i sce l l aneous  products  of  pc, t roleur  
and c o a l  
20. i ~ ~ a n u f a c t u r e  of  n tbbcr  aizd p l ~ ~ s t i c  p o d u c t s  
21. Potter?: ,  g l a s s  and e a r t h ~ n w a r c  products  
22. Bas ic  me ta l  i n d u s t r i e s  
23. 1:anufacture of r i~etalproducts  
24. i,lanufactu.re of  ~ ~ z , c h i n e r j ~  
25. 1::anufacture of e l e c t r i c a l  clachinery and r e l a t e d  products  
26. Sh ipbu i ld ing  and r e p a i r i n g  
27. Othcr ~ z n u f a c t u r e  of t r a n s ? o r t  equiprnent 
28. Other r a n u f a c t u r i n g  i n d u s t r i e s  
29. E l e c t r i c i t y ,  gzs  arid water  
30. Bui ld ing  
31. Other c o n s t r u c t i o n  
32. Trade 
33. Restaurz.nts axd h o t e l s  
34. Transpor t  
35. Cor:r?unica,tions 
; 1; 36. L c t t i n g  and o p c r a t i i ~ g  of dwell ings 37. O t h e r  r e r l  c s t r t e ,  f ina~zcir i&,  incurancc and bus iness  s e r v i c e s  38. P r i v a t e  s o c i z l  2nd persoiial  s e r v i c c s  
I 
basic metal indus t r i e s  used inputs produced by 
drs-value 2  
- basic metal indus t r i e s  1,21 
- mining 2,19 
- manufacture ,of metal products 9,33 
The measure drs ind ica tes  how many percent an input coeffi-  
c ient  ars may change such t h a t  the output of any sector  does 
not change more than one percent. The- f i n a l  demand i s  supposed 
t o  be constant. The smaller the  value drs i s  the more important 
(sensi t ive)  the  coef f ic ien t  ars. 
There a re  only three  indus t r ies  which have no coef f ic ien t  
among those 59 most sens i t ive  coeff ic ients .  On the output s ide 
there  are  ten  indus t r i e s  and on the input s ide nine indus t r i e s  
without t h e i r  own coef f i c i en t  among the most sens i t ive  ones. 
There are  14 diagonal coef f ic ien ts  among the 59. 
The m o s t  sens i t ive  59 coeff ic ien ts  a re  only +;4 % of a l l  
the  coef f ic ien ts  (1363 coef f ic ien ts ) .  Their d-value v a r i e s  from 
1,21 t o  11,73. These coef f ic ien ts  a re  ra ther  evenly d i s t r ibu ted  
among three blocks of indus t r ies .  
2  Ilmo Maenpaa has studied s e n s i t i v i t y  of input-output 
coeff ic ients  [ 31. He used the following d-measure : 
where ars = rs-element of the  or ig ina l  input coef f ic ien t  
matrix A; 
bir, b  = elements of the or ig ina l  Leont ief ' s  sr . 
inverse matrix 3 = (I-A)-'; 
x . # x  = or ig ina l  gross products of the sec tors  i 
1 S 
and so  
block of indus t r i e s  
agr icu l ture ,  food, beverage, tobacco 
and t e x t i l e  indus t r i e s  ( 1  ,&lo) 
fo res ty ,  wood and paper indus t r i e s  
(2 , l l -16) 
mining ,. metal indus t r i e s  (3,22-27) 
building and construction (30,311 
other indus t r ies  
TOTAL 
output 
side 
input 
s ide  
It i s  then purposeful t o  study changes of the  most sens i t ive  
coef f ic ien ts  by s e t  of i n d u s t r i e s ,  which are  c losely  r e l a t ed  
t o  each others through i n t e r i n d u s t r i a l  flows. Causes of changes 
may be expected t o  be s i m i l a r  or a t  l e a s t  r e l a t ed  t o  each 
others  ins ide the  block of indus t r ies .  
The changes of the  most sens i t ive  input coef f ic ien ts  of 
the  Finnish Input-Output Model System has not  been examined . 
3 ye t .  The e a r l i e r  s tud ies  ind ica te  t h a t  changes are  r a the r  great  . 
It i s  then important and necessary t o  f i n d  out possible causes 
f o r  changes i n  other t o  be able t o  forecas t  these coef f ic ien ts  
in the  future .  
The change i n  the  g rea te s t  input-output coef f ic ien ts  of 
manufacturing indus t r i e s  were observed t o  increase with 
the length of the  observation period in 1963-65, 1956-59, 
1959-63, 1959-65, 1956-63 and 1956-65- 
The regression equation between the  square of median of 
weighted absolute chan e  in in~ut -ouput  cgegfecients-  
on rows and time was: ?median) = 0.0074t . 
Consequently the  median of changes i n  input-output coeff i -  
c i en t s  was 8.6 % i n  the  f i r s t  year and l a t e r  increased l e s s  
than proportionally.  After 10 years it was 21.7. The s i z e  
and rap id i ty  of changes could not  be considered t o  be 
d i f f e ren t  from those observed in other countries. 2  
3. Studying impacts of changes of input coef f ic ien ts  on in te r -  
mediate demand 
In  studying changes of input coe f f i c i en t s  annual input-output 
t ab les  would be needed. In  most countr ies  t h i s  kind of f u l l  
information s i tua t ion  does not ex i s t .  Input-output t ab les  are 
avai lable  only f o r  some bench-mark years  and spaced years must 
be covered by data on gross output,  public and pr iva te  expen- 
d i t u r e s ,  f ixed  cap i t a l  formation, change i n  stock,  imports and 
exports. Data i s  usually got from nat ional  accounts. Necessary 
da ta  on f i n a l  demand i s  then not avai lable  by indus t r i e s ,  but 
must be generated by transformation matrices. These matrices 
r e l a t e  i n d u s t r i a l  f i n a l  demand t o  d i f f e ren t  expenditure categories. 
I 
Transformation matrices can usua l ly  be compiled only  f o r  the  years ,  
which are  covered by input-output tab les .  A l l  t h i s  means t h a t  
only l imited information i s  ava i lab le  f o r  making observations on 
. - 
changes of input coeff ic ients .  Observations are  then subject t o  
d i f f e ren t  sources of errors .  
I suppose t h a t  the  case of Finland i s  typica l .  We have input- 
output t a b l e s  f o r  7959, 1965, 1970 and 1978. These t ab les  have 
d i f f e ren t  c l a s s i f i c a t i o n s ,  there  a r e  minor cont inui ty  between 
t a b l e s  and t a b l e s  a re  not consis tent  with nat ional  accounts. In  
order t o  ge t  estimates on f i n a l  demand by indus t r i e s ,  the  fo l -  
lowing conversions and adjustments had t o  be done: 
Pr iva te  consumption expenditures a re  avai lable  from nat ional  
accounts f o r  30 expenditure categories4 a t  marked prices.  
4 1. Bread and cereals  76. Heat and l i g h t  
2. Meat 17. Furniture 
3. Fish 18. Household equipment 
4. Milk, cheese and eggs 19. Other household consumption 
5. Fats  and o i l s  20. Householdservices 
6. F r u i t  and vegetables - 21. Healt and cleannes 
7. Sugar and sweets 22. P r iva te  means of conveyance 
8. Coffee, t e a  cocoa 23. Expences oZ pr iva te  means of 
conveyance 
9. Other food 24. Public t ransporta t ion 
10. Non-beverages 25. Communication 
11. Beverages 26. Personal things 
12. Tobacco 27. Entertaimet and cu l tu ra l  service 
13. Clothings 28. Books and magazines 
14. Footwear 29. Hotels,  res taurants  and cafes 
15. Housing 30. Other services  
Class i f ica t ion  of ind i rec t  taxes i s  (1) import du t ies  and l ev ies ,  
(2) sa l e s  t a x ,  and (3) other  commodity t ax ,  net .  
Time s e r i e s  a r e  a t  constant  and current  p r i ce s .  These s e r i e s  
were converted t o  t h e  FMS i n d u s t r i a l  c l a s s i f i c a t i o n  a t  producer 's  
p r i ce s  by a matrix converter  ava i lab le  from 1970 input-output 
t ab le .  Summation across  t he  30 ca tegor ies  f o r  individual  compo- 
nents  gave the  est imate of p r i v a t e  consumption expenditure 
demanded from an industry.  
Public consumption expenditures a r e  ava i lab le  from na t iona l  
accounts f o r  such categor ies  a s  hea l th  s e rv i ce s ,  educational 
se rv ices ,  e t c .  It was assumes t h a t  every publ ic  consumption 
expenditure item produced by an indus t ry  developed a s  t he  expendi- 
t u r e s  on an average. These items a r e  usua l ly  only a small p a r t  
of t he  -output of t h e  industry.  
Gross domestic f i xed  c a p i t a l  formation i s  ava i lab le , f rom na t iona l  
accounts f o r  t h e  following four  ca tegor ies :  
I.  Res iden t ia l  b i ld ings  
2. Non-residential bui ld ings  
3. Other const ruct ion 
4. Machinery, t ranspor t  and o ther  equipment 
Market p r i c e  time s e r i e s  a r e  ava i lab le  a t  current  and constant  
p r ices .  These s e r i e s  were converted t o  t h e  FMS i n d u s t r i a l  c l a s s i -  
f i c a t i o n  a t  producer ' s  p r i c e s  by a matrix converter  estimated 
from the  1970 input-output t ab l e .  Summation accross the  four  
ca tegor ies  f o r  individual  components gave the  est imate of f ixed  
c a p i t a l  formation produced by an indust ry .  
Change i n  s tocks  and s t a t i s t i c a l  discrepancy i s  known from nat io-  
n a l  accounts only a s  t o t a l  sum. It was assumed, t h a t  t h e  same 
f r a c t i o n  of output  as  i n  1970, was every year  del ivered from an 
indust ry  t o  t h i s  item of f i n a l  demand. 
Exports and imports a re  presented i n  fore ign t r ade  s t a t i s t i e s  
f o r  goods c l a s s i f i e d  by commodities a t  f.0.b. and c . i . f .  p r ices .  
These goods were c l a s s i f i e d  by producing i n d u s t r i e s  ( t he  FMS 
i ndus t r i e s ) .  Time s e r i e s  f o r  export and import i tems were got 
d i r e c t l y  on b a s i s  of these  c l a s s i f i c a t i o n s .  Pr ice  indeces were 
calcula ted according t o  fore ign t rade  s t a t i s t i c s  information. 
Constant p r i c e  s e r i e s  were estimated by means of these  indeces. 
Exported and imported services  were evaluated on b a s i s  of infor-  
mation got from balance-of-payments s t a t i s t i c s .  
Time s e r i e s  f o r  f i n a l  demand of i ndus t r i e s  were got summing 
ac ros s - the  f i v e  component estimates given above. When these 
time s e r i e s  were not  consis tent  with f i n a l  demand of input-output 
t a b l e  used i n  studying changes of coe f f i c i en t s  they a re  adjusted 
t o  the  l e v e l  of t h e  input-output t ab le .  
When the  es t imates  on f i n a l  demand by i n d u s t r i e s  a r e  ava i lab le  
t h e  impacts of changes.of input  coe f f i c i en t s  on intermediate 
demarid may be examined as  follows: 
i = ( I ,  ..., n )  
were 
ai j (0)  i s  a  base year  input coe f f i c i en t  including 
both domestic and imported flows 
x i ( t )  is- the output of indust ry  i a t  t h e  year  t 
mi(t) i s  imports of commodities c h a r a c t e r i s t i c  t o  the  
indust ry  i a t  the  year t 
y i ( t )  i s  t he  f i n a l  demand of indust ry  i a t  t he  year  t 
The measure i n f i c a t e s  how much i n  percents  t he  observed interme- 
d i a t e  demand devia tes  from the  corresponding demand evaluated by 
f ixed  input  coe f f i c i en t s .  Posi t ive  measure means t h a t  input  
coe f f i c i en t s  have decreased. Measures a r e  symmetric. 
In  the Finnish case the calculai tons were made by 1970 coeff i -  
c ients  f o r  the  year 1971-75 and by 1965 coeff ic ients  f o r  1966- 
1975. It i s  planned t o  continue these calculat ions up t o  I978 
and t o  make s i m i l a r  evaluations by 1959 coeff ic ients  f o r  1960- 
1978. Some preliminary r e s u l t s  of the calculat ions a re  presented 
next. There a re  some indus t r i e s ,  where deviations are  ra the r  
tolerable .  Measures are  presented f o r  1965 and 1970 coeff ic ients .  
chemicals 
Basic metal 
indus t r ies  
Manufacture 
of metal 
Trade 
Transport 
These indus t r i e s  have delivered major par t  of t h e i r  output f o r  
intermedeiate demand. 
The following examples are  indus t r i e s  which have great  changes 
of input coeff ic ients .  Major pa r t  of t h e i r  output i s  used as  
f i n a l  demand. 
  he following reasons have generated the  extent  of t he  discrepancy 
between f ixed  coe f f i c i e n t  intermediate demand and t h e  corresponding 
estimates got by d i f f e r e n t  approaches: 
1. Imperfections i n  the  underlying s t a t i s t i c s ,  f o r  
ins tance  lack  of stock s t a t i s t i c s  
2. Uns tab i l i ty  of convertes with f ixed  d i s t r i bu t i qns  
3. ~ r o b i e m s  r e l a t e d  t o  def la t ion  t o  constant p r i c e s  
4. Changes of input coef f i c i en t s  
These preliminary r e s u l t s  with t he  Finnish da ta  poin t  out  t h a t  it 
i s  too ear ly  t o  make conclusions on changes of input  coef f i c i en t s .  
The t h i r d  f i r s t  mentioned reasons have obviously so g rea t  impacts 
on r e su l t s .  Used da ta  must be fu r the r  elaborated. 
1968 
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-.031 
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1966 
0061 
0171 
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,056 
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1969 
.255 
-.I22 
3 1 5  
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0.097 
-.I17 
-.424 
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.293 
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1375 
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1970 
r.657 
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,438 
.326 
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+ 
1971 
-.310 
,088 
-.217 
-.016 
.399 
-0178 
.I05 
0187 
.494 
.045 
-.094 
-0026 
-.734 
-.517 
.288 
-.400 
.263 
.309 
1.325 
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,030 
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4. P o s s i b i l i t i e s  t o  forecast  coef f ic ien ts  
P o s s i b i l i t i e s  t o  forecas t  charges of input coef f ic ien t  depend on 
the lenght of forecast ing period. In short  term fo recas t s  and in 
updating input-output t a b l e s  more mechanical approaches may b e  
used than i n  long term forecasts .  Observed t rends  of individual  
sensi t ive  c o f f i c i e n t s  as  well as  forecast ing e r r o r s  of the  whole 
intermediate demand of an industry may then be u t i l i z e d .  
When changes of input c o e f f i c i n t s  a re  analysed i n  the  
longrange evaluation concerns first of a l l  technological  develop- 
ment. It i s  c lose ly  r e l a t e d  t o  re turn  of invested c a p i t a l  and 
changes of- r e l a t i v e  p r i ces  of inputs,  Subst i tu t ion among inputs 
a re  then re levant  phenomenon t o  study a t .  Evaluation of substi-  
tu t ion  among inpu t s  from technological development point  of view 
may proceed a s  fal lows: 
1. Analysis of trends in technological development and 
spec i f ica t ion  of t h e  input coe f f i c i en t s  d i rec ted  by 
these  t rends,  
2. Evaluation of time-path of subs t i tu t ion  process. 
3. Forecasting of fu ture  changes of input coef f icen ts  
according t o  time-path of subs t i tu t ion  process. 
This approach demands much de ta i led  work. In our  case it can be 
applied a t  most t o  the  most sens i t ive  input coeff ic ients .  When 
technological development i s  in te rna t iona l  phenomenon some 
in te rna t iona l  p ro jec t  ( f o r  instance a t  IIASA) studying technolo- 
g i c a l  t rends were usefu l  perhaps f o r  several  countries.  
Evaluation of changes of input coe f f i c i en t s  i n  the  long- 
range is  a  d i f f i c u l t  problem.-Many f a c t o r s  have e f f e c t s  on cahnges 
and many purpose oriented measures may s t e e r  these changes. 
Acconrding t o  our aims it i s  then purposed t o  study which were 
the  most des i rab le  and reasonable technical  development pa t te rns  
f o r  the  Finnish economy. Consideration of d i f f e r e n t  a l t e rna t ives  
gives more range with in which t o  move f o r  the  study. The model 
system should be bu i ld  such a  way t h a t  choices of technologies 
according t o  r e tu rn  of c a p i t a l  or  according t o  some other goals 
may be analysed by the  model. 
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INTERCOUNTRY PATTERNS OF 
STRUCTURAL CHANGE IN ECONOMIES 
A. Smyshlyaev 
ABSTRACT 
The purpose of a comparative study of the economic structure 
between developed countries is to discover, numerically, the simi- 
larities in economic growth, i.e., to identify the main factors 
influencing the great difference in their pattern of structural 
changes. This paper considers a set of interrelated indicators of 
the economic development and of the production structure for six 
developed countries (USA, United Kingdom, France, Federal 
Republic of Germany, Canada, Japan) during the period of 1960- 
1977 years. Attention is given to the intercountry data, this is 
necessary in such a long-range prediction (10 years ahead). Some 
questions of the usage of the econometric techniques on pooled 
data (time-series for difl'erent countries) are also raised. 
1. Problem 
Frequent use is made of most Input-Output modeling elements in applied 
economic forecasting when the interaction between industries (branches of an 
economy) is represented by demands for intermediate products 
X(i, j) ,  = a (i, j ) t  *X(j)t. The total demands (values of the industries' outputs 
X(i),) are generated by exogenously given final demands; this also applies to the 
exogenously given so-called technical coefficients a (i, j ) .  Summing all the 
values of X( i , j )  and the final demand components we find that the value of X(i) 
needs to produce 
~ ( i  ) = x ~ ( i ,  j ) + f ina l  Demand (i)  
If we look at any global, multiregional or national multisectoral forecasting 
model (static or dynamic) it will definitely contain the exogenously given a (i, j)T 
and for models of a very different level of aggregation the same expression 
"technical coefficients" is used. The interindustry interaction is treated by con- 
stant or changing over time coefficients a ( i , j ) .  Therefore in order to find only N 
values of industry gross outputs X(i) one needs to have a precise prediction of 
N *N parameters a (i, j). 
Our interest relates to the long-term economic forecasting, i.e., to the 
prediction of an economic structure for 5-10 years. It can be said that this time 
interval is quite uncertain and that the problems of a 5 year forecast are rather 
different fr0.m those for a 10 year forecast, but it is not a case, assuming that 
we have a multisectoral model, and start with a forecast for the year 1985 in 
1981. Thus the starting point is 1981 and the time horizon is only 5 years but 
the last input-output table a ( i , j )  can be available only after 2-3 years of the sur- 
vey being carried out. If the table of a ( i , j )  for 1978 is available in 1980, and if 
we have also reestimated all the model parameters according to this new data 
within the year 1981, then the interval will be 7 years. If the last table is avail- 
able for 1976 only, and a new one for 1979 or 1980 has not been published, 
then the lag will increase to 9-10 years. In both cases care should be taken 
that the gap between the data available year and the year of forecast to be 
developed is approximately 7-10 years. Such great lags can be d e h t e l y  be 
found in models applied in the past few years. 
It should be also noted that such lags do not exist for other parts of mul- 
tisectoral models. Elements of final demands and labour inputs are generated 
by statistical offices without any gap, or with only a one year lag between the 
starting year and the data becomes available year. For example, the structure 
of the personal consumption expenditure can also be given by a system of equa- 
tions developed for different income groups on old surveys but nevertheless 
the corresponding components of consumption used in a model run are given 
for each year and the equations can be adjusted to these data prior to the 
starting year. Therefore one has a priori knowledge about N elements of con- 
sumption whch can be used to adjust a model that will generate the same N 
inputs in the Input -Output model. For the elements of X( i , j )  we find only 2*N 
values of the corresponding sums (by rows and by columns) 
N x x ( i , j )  = ~ ( j )  - Value added ( j )  . 
i = 1  
and 
N x X(i ,  j )  = X(i) - mnal demand (i)  
j =1  
to produce N * N  values of a ( i , j ) .  Some artificial tables for the later years can 
exist but their development is also based on some models, for example the RAS 
technique is frequently used. Thus the a ( i , j )  matrix is an unique part of a 
model in that it cannot be adjusted to the current statistic data so well as other 
components of a model. Note that in most studies using an input-output model 
for forecasting the explanation of the a ( i , j )  technique is very short 
and vague. 
In long-term forecasting we find rather simple equations to  connect 
directly most parameters of the interindustry structure with the final demand 
growth. Ths enables the use of some simple approaches in order to forecast 
X ( i )  over time and in our opinion an intercountry set of data should be applied 
in long-term economic forecasting. 
2. Model 
It is assumed that the entire set of interrelated structural characteristics 
is moving in time to the common "intercountry" pattern of growth. A generali- 
zation of historical patterns of economic growth across nations is usual in 
macroeconomic studies. The aim is to determine some stages in economic 
growth that influence global changes of an economic structure for every 
nation. In other words the approach is the quantifying of general trends of 
economic structure development in several economies. 
The analytical purposes should be divided: the first is to understand 
whether there are common "intercountry" patterns of economic growth and 
the second is the estimation of parameters to be applied in the long-term fore- 
casting of a particular country's development. The application of such esti- 
mates cannot be done on the statistical data for every single country. There- 
! 
fore, the results of modeling can be used in different ways and estimates of 
the parameters are not the only goal of an application of models. Some con- 
clusions can be also drawn on the impact of short- and long-term changes in 
explanatory variables. The strong implicit assumption is that the evolutionary 
development of an economy, represented for example by GDP (GDP is Gross 
Domestic Product) rates of growth and its level per capita, determines the 
main structural changes in every economy. The GDP per capita level for 
different countries can be interpreted as the factor which reflects an 
impact of some other macroeconomic variables on the movement of economic 
structure. However for every economy there are some changes in time that do 
not depend on the rates of economic growth. 
Some geographic indicators such as climate, availability of resources, avai- 
lability of trade partners should be also included in the list of explanatory 
variables and the comparison of long-term trends of the structure of 
economies across countries can orient us in searchng out those factors. 
The average or the common tendency of economic development is named 
"intercountry pattern" and the differences between the trend of a particular 
country and its "intercountry pattern" are of main interest. Theoretically the 
question of the similarity of economies cannot been proved without quantita- 
tive analysis. It means that if we have a model to explain why countries' pat- 
terns are different then we can estimate the impact of these differences on 
the structure of macro variables based on the development of each nation. 
Applications of the intercountry analysis show a similarity in the main tenden- 
cies across developed countries. It is possible to distinguish some essential fac- 
tors determining most gaps of the economic structures. 
The most significant trends in economic structure related to the increase of 
GDP per capita are frequently cited in intercountry studies. Many papers 
lhergy Consumption investigate GDP ratio across nations in order to estimate 
the effect of an energy price change on the rates of energy consumption. The 
comparison of product structure is, in itself, of interest, but its greatest value 
is as a starting point for investigations of the causes or consequences of interna- 
tional differences and of those socio-economic structural features of economies 
usually associated with the level of wealth or income per capita. Many macro 
and micro-economic studies are also concerned with the causes of industrial 
structure differences, and also with the consequences of consumption patterns 
and resource availability on industrial structure. These include international 
comparisons of energy consumption to determine whether the USA is particu- 
larly wasteful in its use of energy. Because a valid comparison and modeling 
requires price comparability such macroeconomic studies also require informa- 
tion on relative prices. 
Some obvious trends in economic structure can be easily predicted; the 
slowdown in the share of agriculture in the labor force for example. We should 
stress that less obvious trends at least at the aggregated level of economic 
structure such as x(i>,.t can be also predicted for all N industries i = 1 ,... N GDP'. t 
only if certain characteristics of the future, such as GDP rates of growth, share 
of investment and the share of equipment in investment, are given. (Note that 
GDP is 
s is an index for the country (s = 1 ,... ,6), t is a time variable and - L 
GDP per capita). Various indicators of a country economic "history" deter- 
mine existent gaps between its own trend and the intercountry pattern, and 
Graph 1 shows the standard situation in applying regression techniques to the 
pooled data for industry output per GDP. 
Graph 1. Clusters of data and "intercountry pattern" produced by the 
regression X(i>,,t = a + p *  GDP, ,t 
GDP, ,t L8.t 
X 
- 
GDP 
GDP 
-
L 
The aggregated econometric model consists of about 20 equations that 
reflect changes in gross output and energy inputs. In such study the industries 
should be divided in two groups. The first one includes those whch development 
(and relative level) is mostly associated with the growth and composition of final 
demand. Obviously it is rather difficult to obtain good results for them unless 
some socio-economic and resource variables are included in analysis. The 
second group consists of industries whose growth is related mainly to other 
industries (through interindustry interaction process). 
Thus the model of intercountry interindustry interaction is as follows: 
for the first set of industries, where Z,,: are predetermined variables in 1-0 
modeling, and 
for the second set of industries where j, ..., k are those industries mostly using 
products of i- th industry. 
3. Usage of Econometric Techniques 
There are many problems related to the econometric analysis of such data 
and therefore developed techniques should be used. It is easy to convert all the 
data in a "homogeneous" set by applying a "Dummy" model, i.e, if we add a set 
of binary dummies that imply different levels of the dependent variable for each 
of the countries to each equation. This means that, between countries, we 
equalize all the mean values of the dependent variable by the binary dummies 
and therefore the causes for the very different levels of the industry develop- 
ment between countries are removed from the study. The formal reason for the 
rejection of such modeling is that most of differences of the "pooled dependent 
variable are explained by the "dummies" which themselves cannot be explained 
and R~ is an inappropriate estimate of goodness of fit for dummy models based 
on pooled samples. For the dummy variable model the greatest part of the 
dependent variable variance 
is ezplained by the dummy variables, but not by the real variables, because the 
average value of the dependent variable (k(i)) used in the calculation of R~ is 
assumed to be the same for all the data, and the difference between t h s  value 
and the corresponding average values for countries is mostly reduced by the 
dummies. 
The main reason for using rather simple equations for the second set of 
industries is that only a few of the significant interindustry interactions in 
economic growth between industries exist. If the relation between industries is 
strong across economies then few parameters can be found instead of forecast- 
ing all the values needed in 1-0 model for each industry output. The compli- 
cated interaction which exists between rates of economic growth measured by 
GDP per capita and rates of investment and changes in the composition of 
industry output should also be investigated. 
Note that in intercountry analysis it is necessary to distinguish between 
the impact of the level of economic growth (or of the level of wealth of nation) 
and the impact of the rate of economic growth on the economic structure by 
using more complicated models. 
Thus in order to find sensible relations between indicators of socio- 
economic growth and economic structure the approach is to combine the 1-0 
methodology with econometric techniques. For example, if we divide energy 
consumption between the most energy intensive industries with the correspond- 
ing values of output (X(1) ,..., X(M)), we then obtain a consistent forecast of the 
Ehsrgy Commption according to obvious changes in industrial stricture: GDP 
Moreover, if some of the technical coefficients a ( i , j )  for all countries are known 
we can implement them into the model as a priori given restrictions on values 
of p i ,  Therefore, the general simplified model to be estimated in a linear form 
for each industry looks as follows: 
where ~ ( i ) ~ , ~  is an error term, and Time is time trend. Dividing all the values by 
GDP we eliminate possible heterogeneity of errors, because the scale of 
economies is quite different. We assume that the variance of the residuals 
should be roughly equal in percentage to the size of economy (represented by 
GDP value). Note that it looks very similar to the balance equation: 
where Y(a),,; are final demand components given exogenously in forecasting 
and therefore they should be considered as predetermined variables in the 
model rather that ~ ( j ) , , ;  which are endogenous variables. AU the parameters 
in (1) can vary in time and space to reflect some essential features mentioned 
above. A t  the first stage of the study they are supposed to be constant, there- 
fore we can use standard regression techniques. 
The first set of industries' outputs can be estimated by the ordinary least 
squares. For the second set we must take into account errors in explanatory 
variables if some of them are industry' outputs expressed as regressions in the 
first set. The simplest way to improve the quality of parameter's estimates is to  
use a reduced form for the second set, i.e., to consider all X(i),,; as functions of 
predetermined variables only (right-hand variables of regressions in the f i s t  
set). I t  rneans that we propose a recursive system of econometric equations 
whose parameters can be estimated by the ordinary and the two-stage least 
squares techniques. 
4. Data 
As it is stated above, we carried out the efforts at the aggregated level of 
industry output. These selected industries cover about 05 percent of the total 
industry output (mining and manufacturing) for every developed country. The 
first problem arising in a comparative study is the availability of homogeneous 
data and their capability for applying econometric techniques. International 
comparisons of changes in economic structure over time depend mainly on the 
quality of data for a selected set of countries. This study confines comparisons 
to the last 20 years. Investigation of long-term trends and patterns of economic 
structure development needs a reliable set of variables for all countries to be 
made on similar assumptions (same methodology). Therefore, valid modeling 
requires a price comparability that cannot be obtained by use of exchange rates 
to convert different currencies to one common currency. It stems from the fact 
that only small parts of goods are exchanged (in trade) between countries and 
such calculated ratio as that, selected for foreign trade goods cannot be applied 
to an economy as a whole, especially for any certain aggregated industry out- 
put. I t  is also obvious that the weights to  be applied in the calculation of con- 
verting coefficients to composite industry (as far as our study of aggregated 
industry is concerned) can be derived by no one strict method. The use of two 
countries' price weights would yield two different industry output comparisons. 
Fisher's ideal index is computed to reestimate all the outputs into the $USA. 
This study deals mainly with values of gross output for selected aggregated 
industries, therefore we began with an ,aggregation of activities (products) from 
3 digit ISIC, to 13 industry classification according to the system based on the 
U S S R  statistic methodology (the concept of the material product accounting) 
used in the model of interindustry interactions [I] - [3]. The values of gross out- 
puts for 3 @it I S I C  are available in national currency for all countries. We 
developed the time-series of the outputs in constant 1970 prices for all coun- 
tries and then reestimated them in 1970 $USA. To do this we needed to apply 
purchasing power parities for all products or for aggregated industries. These 
values have been developed in the Institute of World Economy and International 
Affairs of the U S S R  Academy of Sciences. 
With the exception of the Gross Industry Outputs values, the Energycm- 
sumption values by type of fuels are used in this study. These values are meas- 
ured in physical terms and have been taken from " WorldEnergySupplies" . The 
value of the output of constrzlction as a branch of an economy is also used. 
In the first stages, we operated with only one indicator of socio-economic 
development: Final Domestic Product (FDP). Its value is was obtained from the 
corresponding (GDP) components measured in constant $USA. The difl'erence 
between FDP and GDP is attributed to the fact that in an examination of the 
interindustry interaction we had to test the connection between exchange of 
materials and services and growth of industries. Accounting of economic indica- 
tors in the U S S R  is based on the concept of two kinds of activities in economy: 
productive and nonproductive spheres. It considers such services as finance, 
housing, health care, and education, as nonproductive activities. The reason for 
this is proved by the system of distribution of value added in an economy. 
Those services whose output is a result of redistribution of material sphere 
profits are excluded from GllP  to obtain FDP value. Nevertheless, intermediate 
deliveries to nonproductive services are included in FDP as a part of final 
demand; they are elements of government consumption (social consumption), 
and these differences do not significantly change those ranges of countries 
measured by GDP or FDP per capita (see for example the difference between 
National Income and Net  Material Product  estimated by two techniques for the 
most developed countries [4,p. 1231). 
To obtain the comparable data for FDP we used the values of the Purchas- 
ing Power Parities (PPP) developed by Kravis and et. [5] for all components of 
GllP for most countries. 
Thus, all FDP values are measured in constant $USA for the year 1970 by 
usage PPP (one exception is the Canada  data). Because the USA and Canada 
economies are strongly interconnected and the majority of products are on 
trade between countries, this was a reason enough to use an exchange rate 
equal to 1.01 in the reestimation of all Canad ian  data to the $USA. 
5. A n  Example of the Econometric Model (Preliminary Results) 
To clarify the technique used we concentrate on one industry, 
Ferrous M e t a l s .  It is clear that there is no strict relationship between FDP per 
capita and f e m o w  m e t a l s  industry gross output per FDP across 6 countries, 
but there is an obvious decreasing trend (in time or in respect to an increase in 
FDP per capita) for the six countries' sample. 
If we estimate simple regressions with dummy variables 
the goodness of fit are found to be quite appropriate: Re = 0.8181 and 0.9316, 
V = 13.48% and 12.31%, respectively; the parameter estimates of and p2 are 
-0.0037 and -0.0007 and both are insignificant. (Here and below, R2 is a 
coemcient of determination, V is an average error in percentage to the average 
of a dependent variable, values in parentheses (below parameter estimates) are 
standard errors of those estimates). Note that in both equations only the dum- 
mies' estimates are significant that is clarified by the simplest form in which 
only the dummy for each country is an explanatory "variable": 
6 
-- X(l) - C Dummy. + cs,t 
FDP .=, 
The dummies are "explaining" the variance of X(l)a't w i t h ~ ~ = 0 . 9 1 4 7  and 
FDPa ,t 
V = 13.69% and all the estimates are significant at 95% level. In respect to the 
U . K f  level the dummies have a positive effect on the values of - X(l) for FRG FDP 
and J a p a n  and a negative impact on those for C a n a d a  , f i a n c e  and USA. 
The very opposite approach considers the relation between the values 
and FDP per capita assuming that the slope coefficients are the same 
FDPa, t 
in space and time. It is clear that the results of estimation are very poor: 
X(1) FDP 
FDP = 0.0999 - 0.0170*- L 
(0.0082) (0.0034) 
with R2 = 0.1907 and V = 41.34%. 
m= 0.0645 + 0.0167* - - FDP 
FDP FDp 0.0073*[ -I2 L L 
(0.0213) (0.0191) (0,0041) 
with R2 = 0.2148 and V = 40.92%. 
m= 0.1569 - 0.0305*-- / FDP 
FDP FDp 0.0532*[1, -1 L L 
(0.0283) (0.0072) (0.0253) 
with R' = 0.2234 and V = 40.69%. 
Thus the list of explanatory variables for the F e m m  Metals industry have 
to consist of the outputs for at  least two metal consuming industries: 
Machine Building and Basic  Building Materials Producing industry. The last 
one can be expressed by Con.struction industry output itself. 
Assuming that the error term has zero mean value and a constant 
(equal across the countries) variance we can estimate the parameters of a 
model by ordinary least squares. This means that we believe in roughly equal 
errors for all countries included in the pooled data. This is proved partly by the 
fact that the dependent variable is measured as the ratio Indus t ry  ou tpu t  FDP 
Note that in future we shall use the following abbreviations for the vari- 
ables: 
industry output per FDP is written as z (i); i.e., z (i) = x(i)s ,t . 
FDPa ,t ' 
f d p  is used for FDP per capita value; 
Inv denotes the share of investment in FDP (in percentage); 
Equi denotes the share of eguipment in investment  (also in percentage); 
and the following indices are used: 
i = 1 is an index for the Ferrous Metals industry, 
i = 7 - for Machine Building industry, 
i = 10 - for Basic Building Materials Producing industry, 
i = 14 - for Constmct ion;  
h denotes the average (for each country) values of corresponding variables; 
z' denotes the deviation on time of z around its mean value, i.e., 
- 
Z =z;  - 2 .  
An important variable should be added into the model: the ratio between 
levels of the basic building materials  producing industry output and cons t~uc -  
fion output z 10 reflecting the structure of raw material inputs in con- 
~ ( 1 4 )  
struction. 
Although there are many explanatory variables, not all of them are seri- 
ously correlated and we can choose those which are approximately orthogonal. 
Obviously there is no need to represent in the model the level of metal consum- 
ing industries output ir'?), 3 i 0 7 ,  diq because they are closely connected 
- - - - - - - 
with the predetermined variables f d p  , Inu, Equi .  
With the full set of the variables mentioned above, the model looks as fol- 
lows: 
By this approach one does not need any "unexplained" dummies for each 
country because intercountry differences in the dependent variable are 
neglected by the whole set of real explanatory variables. 
Assuming that the level of FDP per capita effects the development level of 
the Ferrous Metals industry (measured by its mean values for each country), 
and that the growth rates of the two metal consuming industries effect the 
growth over time of the Ferrous Metals industry, we have estimated the alter- 
native versions of the model and the results of the estimation of the model with 
the above mentioned full set of variables are given in Table 1. This means that 
the output of the Ferrous Metals industry is closely connected with the growth 
of the Machine Building and the Basic Building Materials Producing indus- 
tries. As far as the levels of the both industries are in close relation (and is 
-- 
considered so in the model) to the FDP per capita and in;, equi the terms 
~ ( 7 )  and ~ ( 1 4 )  can be replaced by the last terms. The parameters estimates of 
(9) are shown in Table 1. 
Because not all estimates are significant, we found that simplified ver- 
sions of the model are preferred when some variables are omitted, for example 
f dp'.  It gives approximately the same R~ at 0.96 and V a t  9.5%. 
The similar equations can be estimated for this industry in logarithms: 
where z" denotes the ratio e) and h g h  estimates of elasticities are found 
(see also Table 2). Thus 1% average annual growth in z (7) and z (14) leads to 
1.2% and 0.7% growth in z (1) respectively. That seems reasonable in view of the 
great impact of technological progress, i.e., -2.75% (see f17 in Table 2). 
Ths "intercountry" approach is also fruitful for finding other important fac- 
tors that determine existed large differences in patterns of economic growth 
across developed countries. In future, it is useful when testing the results in 
Table 1. Parameters' estimates for the general linear model (9). 
pi when insignificant variables consequently are omitted 
- 
80 -0.1536 -0.1840 -0.1538 -0.1577 -0.1137 
(0.0118) (0.0181) (0.0118) (0.0118) (0.0078) 
8 1 0.1375 0.1582 0.1373 0.1080 0.2076 
(0.0315) (0.0322) (0.0313) (0.0284) (0.0204) 
b z  0.3169 0.4026 0.3695 0.1706 0.2295 
(0.1870) (0.1012) (0.1019) (0.0336) (0.0341) 
8s 0.0383 0.0308 0.0387 0.0444 
(0.0099) (0.0103) (0.0098) (0.0095) 
8 4  -0.0014 -0.0019 -0.0017 
(0.0013) (0,0008) (0.0008) 
A 
86 -0.0002 
(0.0006) 
P e  0.3664 0.3656 0.3662 0.3675 0.3462 
(0.0135) (0.0132) (0.0135) (0.0137) (0.0141) 
8 7  -0.0023 -0.0021 -0.0023 -0.0027 -0.0015 
(0.0003) (0.0004) (0.0003) (0.0003) (0.0002) 
88 0.0080 0.0110 0.0080 0.0082 0.0067 
(0.0014) (0.0019) (0,0014) (0.0014) (0.0015) 
Po 0.0033' 0.0036 0.0033 0.0033 0.0032 
(0.OOOl) (0.0002) (0.OOOl) (0.OOOl) (0.OOOl) 
Plo 0.0001 0.0005 
(0.0006) (0.0002) 
R~ 0.9657 0.9653 0.9637 0.9621 0.9539 
V ( i n  W )  8.85 8.90 9.07 9.2 1 10.11 
applications obtained by the usage of complicated models, if between trends an 
increasing gap is given for different economies. Obviously h g h  or low rates of 
FDP per capita are associated with significant long-term shifts in the economic 
structure and these shifts are more similar in developed countries than one 
would expect. This is not surprising because the interindustry interactions are 
strong enough in every economy with respect to restricted amounts of 
resources to be allocated between them and because the impact of different 
Table 2. The most important parameters' estimates for the log-linear model 
(10) obtained for the reduced samples with one particular country dropped. 
industries in economic growth measured by FDP is not the same. 
I 
Some preliminary results show that expansion of intercountry analysis to 
interindustry interaction modeling provides a consistent basis for long-term 
forecasting when all industry output values are generated by a system of simul- 
taneous equations estimated on the pooled data. However changes in time for 
every economy do not depend only on the rates of economic growth, so we 
need to assume that the level of FDP per capita 1s not the only main factor. 
The results of estimation do not change significantly when data from one 
country is dropped from the sample (see Tables 2 and 3). However we notice 
daerence between fitted and real values are large for two countries (Canada 
and USA), therefore it is better to use the data for the model when those coun- 
tries are considered as  one region or dropping both of them. Ths is also justified 
by the following test. Assuming that all parameters' estimates differ slightly for 
each specific country, we can reestimate them singly by the following: 
To f h d  ye,c and 7,,1 for the model 
Country name that is dropped from the sample 
Estimate of pi No FRG Canada Japan France USA UK 
8 1  1.1938 1.3374 1.2854 0.6976 1.0858 1.2453 1.2677 
(0.1495) (0.1500) (0.1629) (0.1806) (0.151 1) (0.1169) (0.1755) 
8 2  0.6893 0.8542 0.6420 0.5072 0.8121 0.4970 0.9141 
(0.1633) (0.1735) (0.1638) (0.1434) (0.1919) (0.1468) (0.1914) 
pa 1.1432 1.2738 1.1171 1.2842 1.0020 1.0058 1.4946 
(0.0491) '(0.0573) (0.0487) (0.0841) (0.0780) (0.0403) (0.0996) 
87 -0.0284 -0.0288 -0.0288 -0.0276 -0.0203 -0.0274 -0.0258 
(0.0106) (0.0034) (0.0034) (0.0027) (0.0038) (0.0026) (0.0043) 
R~ 0.9343 0.9227 0.9342 0.9806 0.9 174 0.9691 0.8425 
V (in Z) 4.41 4-07 4.47 3.43 4.41 3.33 
4m30 I 
Table 3. Parameters' estimates for the linear model (9) obtained for the re- 
duced samples (the results correspond to the 5-th column of Table 1 ) .  
z(1) = ye,o+ y e , l * [ ~ 1 * z ' ( 7 ) +  &*Z1(14) + P g * f d p 1 +  3 4 * ~ n ~ ' +  ~ g * ~ q u i '  ( 1 1 )  
z 10 --- + p 6 * - 1 1 +  B r * m e  + * 
2 ( 14) 8 fdp + Be*& + ~ l o * ~ q ~ i  ] + ~ , , t  
where Bi is the i-the parameter estimate found for general sample. The follow- 
Country name that is dropped from the sample 
Estimate of pi No FRG Canada Japan fiance USA UK 
ing set of y ,  estimates is usually obtained: 
. 
Country 
0 -0.1577 -0.1490 -0.1655 -0.1441 -0.1794 -0.1390 -0.1491 
(0.0118) (0.0141) (0.0118) (0.0158) (0.0164) (0.0116) (0.0206) 
81 0.1080 0.1332 0.0862 0.0808 0.0675 0.1484 0.1028 
(o.oza4) (0.0285) (0.0297) (0.0396) (o.032~) (0.0280) (o,os~o) 
8 2  0.1706 0.1875 0.1575 0.1577 0.2077 0.1617 0.1664 
(0.0336) (0.03~) (o.03~1) (0.0410) (0.0383) (0.0322) (0.0440) 
$3 0.0444 0.0367 0.0525 0.0277 0.0568 0.0311 0.0480 
(0.0065) (0.0095) (0.0088) (0.0152) (0.0112) (0,0084) (0.0112) 
Be 0.3875 0.3843 0.3615 0.3714 0.3938 0.3424 0.3847 
(0.0137) (0.0153) (0.0133) (0.0147) (0.0228) (0.0140) (0.0300) 
87 -0.0027 -0.0025 -0.0030 -0.0022 -0.0028 -0.0024 -0.0028 
(0.0003) (0.0003) (0.0003) (0.0004) (0.0003) (0.0003) (0.0004) 
P a  0.0082 0.0078 0.0104 0.0084 0.0083 0.0047 0.0053 
(0.0014) (0.0020) (0.0014) (0.0015) (0.0016) (0.0015) (0.0039) 
89 0.0033 0.0033 . 0.0033 0.0033 0.0034 0.0034 0.0031 
(0.0001) (0.0001) (0.ooOl) (0.0001) (0.0001) (0.0001) 
R~ 0.8621 0.8484 0.8652 0.8642 0.9538 0.9727 0.8846 
 in %) 0.21 8.78 7.88 8.8 1 8.58 8.20 9.88 
FRG Canada Japan fiance USA U K  
One can fLnd that the smallest slope soefficients are for USA and Canada 
and for every model the greatest errors are attributed to these two countries 
therefore the following results were obtained on a sample including only 
FRG, Japan,  France, UK: 
- 0.0029*Time + 0.0078*fdp + 0.0034*%; 
(0.0004) (0.0024) (0.0001) 
with R2 at 0.9688 and V at 7.69%, and 8, = 1.4531, P2 = 0.3218, = 0.9794, 
/3, = -0.0287 for the log-linear model with R2 at 0.9690 and V a t  3.44%, in com- 
parison with the results given in Table 2. 
During 1960-1977 the residuals in the regression are of different signs for 
every country and their absolute level has decreased over the last years. I t  is 
very useful to incorporate this equation into a forecasting model. The vali&ty of 
the equation is proved by the stability of slope coefficients when the size of the 
sample has been changed (see tables 2 and 3). The level of economic growth 
and share of investment in FDP, together with share of equipment in invest- 
ment, provide a significant goodness of fit. Other for pooled sample equations 
were estimated to check the nonlinear effects in the intercountry pattern of 
structural changes 
By this approach one can predict the future structure of an developed 
economy with a p r i o r i  knowledge on the GDP rates of growth and about the 
investment policy. Also, it is necessary to take into account that the quality of 
the future structure prediction will be good enough because the estimates of 
the recursive model parameters are quite stable. 
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PART IV 
GENERAL TOPICS 
INTERNATIONAL TRADE LINKAGES I N  INTER- 
REGIONAL 1/0 ECONOMIC MODELING: THE 
MODEL FOR THE TUSCANY CASE STUDY 
A. C a v a l i e r i  
1 . INTRODUCTION 
Even i f  t h e  n a t i o n a l  economic v a r i a b l e s  of r eg ions  wi th in  
a  n a t i o n  and t h e  l i nkages  between them a r e  t h e  co re  of  t h e  ana- 
l y s i s  i n  most i n t e r r e g i o n a l  and mul t i r eg iona l  models, i n  some 
reg ions ,  t h e  i n t e r n a t i o n a l  t r a d e  l i nkages  have a  s p e c i f i c  and 
r e l e v a n t  l o c a l  r o l e .  
The impacts of t h e  changes i n  t h e  i n t e r n a t i o n a l  d i v i s i o n  
of l a b o r  over  a  n a t i o n  a r e  not  uniform wi th  r e s p e c t  t o t h e  s i n g l e  
reg ions .  I n  f a c t ,  t h e  n a t i o n a l  import and expor t  f i g u r e s  a r e  
pure  s t a t i s t i c a l  e n t i t i e s ,  because t h e  d i f f e r e n t  e x p o r t  and 
import s p e c i a l i z a t i o n  and f o r e i g n  market o r i e n t a t i o n s  a t  r e g i o n a l  
l e v e l .  
I n  a d d i t i o n ,  some reg ions  have a  s p e c i f i c  r o l e  i n  a c t i n g  a s  
t r a d e  i n t e r m e d i a r i e s  towards f o r e i g n  c o u n t r i e s  by d i s t r i b u t i n g  
import flows and by c o l l e c t i n g  expor t  f lows v i a  i n t e r r e g i o n a l  
t r a d e .  
I n  s p i t e  of  t h e s e  c o n s i d e r a t i o n s ,  i n t e r n a t i o n a l  t r a d e  flows 
a r e  very seldom regarded a s  a f f e c t e d  by r e g i o n a l  de te rminants .  
This paper d e a l s  w i th  t h e  t rea tment  of t h e  i n t e r n a t i o n a l  
l i nkages  and r e l a t i o n s h i p s  between fo re ign  flows and i n t e r r e -  
g iona l  ones i n  t h e  c o n t e x t  of  a  b i r e g i o n a l  1/0  model which w i l l  
be b u i l t  f o r  t h e  Tuscany r eg ion ,  w i t h i n  t h e  Tuscany Case Study 
P r o j e c t . *  
The s p e c i f i c  i n t e r e s t  i n  ana lyz ing  t h e  i n t e r n a t i o n a l  t r a d e  
from a bottom-up p o i n t  of view, d e r i v e s  from t h e  f a c t  t h a t  t h e  
r e g i o n a l  e x p o r t ,  i n  Tuscany, has  shown a h igh  e l a s t i c i t y  of i t s  
weight on n a t i o n a l  e x p o r t  according t o  t h e  i n t e r n a t i o n a l  demand 
c y c l e s  (A. C a v a l i e r i ,  1 9 8 0 ) .  
The r e g i o n a l  h igh  s p e c i a l i z a t i o n  i n  some t y p i c a l  "mature" 
p roduc t s  i s  t h e  main exp lana to ry  f a c t o r  of such s t r o n g  f l u c t a -  
t i o n s .  The r e a c t i o n  t o  t h e  i n t e r n a t i o n a l  v a r i a b l e s  a f f e c t i n g  t h e  
e x p o r t  o f  t h e  k ind  o f  commodity is  f a i r l y  d i f f e r e n t  i n  Tuscany and 
i n  t h e  rest of  I t a l y .  A top-down appraoch based on f i x e d  s h a r e  
o f  n a t i o n a l  e x p o r t  f lows  does  n o t  produce,  i n  t h i s  case, s i g n i f i -  
c a n t  r e s u l t s  a t  t h e  r e g i o n a l  l e v e l .  
I n  a d d i t i o n ,  t h e  model is  aimed t o  t a k e  i n t o  c o n s i d e r a t i o n  
t h e  i n t e r r e l a t i o n s  between i n t e r r e g i o n a l  and i n t e r n a t i o n a l  t r a d e  
which i s  normally neg lec t ed ,  even i f  t hey  p l a n  an impor t an t  r o l e  
i n  a s m a l l ,  open r e g i o n a l  economy. 
I n  t h e  f i r s t  p a r t  o f  t h e  paper ,  d i f f e r e n t  approaches  are 
surveyed wi th  r e f e r e n c e  t o  some e x i s t i n g  models i n c l u d i n g  r e g i o n a l  
1/0 mat r i ce s  even i f  t hey  were n o t  designed a t  a b i r e g i o n a l  l e v e l .  
I n  f a c t ,  w e  have f aced  t h e  n a t u r e  o f  such models by r e fo rmula t ing  
them i n  o r d e r  t o  c a r r y  on some p o s s i b l e  approaches i n  t r e a t i n g  
i n t e r n a t i o n a l  and i n t e r r e g i o n a l  t r a d e  i n  a n  1/0 b i r e g i o n a l  model. 
The cho ice  of  t h e  models as w e l l  as t h e i r  r e fo rmula t ion  i n t o  
a b i r e g i o n a l  c o n t e x t ,  i s  a very pe r sona l  one. 
Our s e l e c t i o n  w a s  made i n  o r d e r  t o  i n t r o d u c e  t h e  second p a r t  
of  t h e  paper  which a i m s  a t  d e s c r i b i n g  t h e  approach w e  have f o l -  
lowed i n  des ign ing  t h e  model f o r  t h e  Tuscany r e g i o n  w i t h  r e s p e c t  
t o  t h e  i n t e r n a t i o n a l  t r a d e  components. 
* 
This  p r o j e c t  i s  being c a r r i e d  o u t  by t h e  Regional  Development 
Group o f  IIASA i n  coope ra t ion  wi th  IRPET ( ~ e g i o n a l  I n s t i t u t e  f o r  
Economic Planning o f  Tuscany) and IASI ( I n s t i t u t e  f o r  Systems 
Analys i s  and I n f o r m a t i c s )  . 
2 .  SOME EXAMPLES ON DIFFERENT APPROACHES I N  THE TREATMENT 
OF INTERNATIONAL AND INTERREGIONAL TRADE 
A s  we s t a t e d  above, i n  t h i s  paragraph, some examples der ived  
from e x i s t i n g  models w i l l  be shown. I t  i s  important t o  note  t h a t  
we w i l l  no t  d e a l  with t h e  procedures used i n  e s t ima t ing  t h e  t r a d e  
c o e f f i c i e n t s  o r  t h e  gross  flows; a t t e n t i o n  w i l l  be given only t o  
t h e  approach used i n  inc luding  t h e  i n t e r n a t i o n a l  and i n t e r r e g i o n a l  
t r a d e  i n t o  an 1/0 model. 
Because t h e  models analyzed were designed i n  o rde r  t o  focus 
a t t e n t i o n  on d i f f e r e n t  aims, t h e  o r i g i n a l  s t r u c t u r e s  a r e  q u i t e  
d i f f e r e n t .  The examples we have chosen a r e  nevs r the less  t h e  
c l o s e s t  t o  t h e  model s p e c i f i e d  f o r  t h e  Tuscany region ,  even i f  
t h i s  one is  a  b i reg iona l  one whereas most surveyed models a r e  
mul t i reg ional  ones. 
An extens ive  comparative s tudy of mul t i r eg iona l  economic 
models i s  c u r r e n t l y  performed by t h e  Regional Development Task 
a t  IIASA, and t h e  Free Universi ty ,  Amsterdam (see Nijkamp and 
Rietveld,  1980). Within t h i s  s tudy,  a  prel iminary comparison 
on i n t e r r e g i o n a l  and i n t e r n a t i o n a l .  l inkages  i n  mul t i r eg iona l  
economic models was c a r r i e d  o u t  by F. Snickars  (1981).  
Our l i m i t e d  survey i s  s t r i c t l y  o r i e n t e d  t o  t h e  s p e c i f i c a t i o n  
of t h e  b i reg iona l  1/0 model f o r  t h e  Tuscany region;  f o r  t h i s  
reason, a  common l i s t  of r e l a t i o n s  i s  used i n  o r d e r  t o  make 
e a s i e r  t h e  comparison between t h e  d i f f e r e n t  approaches and t h e  
scheme designed f o r  t h e  Tuscany model. 
In  t h e  r e s t  of t h e  paper ,  t h e r e f o r e ,  t h e  following n o t a t i o n s  
a r e  used: 
Variables:  
X T t  XR = gross  production vec tor  i n  Tuscany and t h e  r e s t  of 
I t a l y ;  
F~ FR = i n t e r n a l  f i n a l  demand vec to r  i n  Tuscany and t h e  r e s t  
- .  
R T 
MTt MR = i n t e r r e g i o n a l  i.mport vec to r  i n  Tuscany and t h e  r e s t  of 
I t a l y ;  
W ETt E: = fo re ign  expor t  vec to r  i n  Tuscany and t h e  r e s t  of I t a l y ;  
W W  MT, MR = i n t e r n a t i o n a l  import vec tor  i n  Tuscany and t h e  r e s t  of 
I t a l y ;  
E:, E~ = i n t e r r e g i o n a l  expor t  v e c t o r  i n  Tuscany and t h e  r e s t  of R 
I t a l y ;  
W W  EN, ENT = v e c t o r  and s c a l a r  of  n a t i o n a l  export; 
NET, NER = n e t  i n t e r r e g i o n a l  t r a d e  i n  Tuscany and t h e  r e s t  of I t a l y .  
Parameters : 
AT, AR = 1/0 mat r ix  o f  t echno log ica l  c o e f f i c i e n t ;  
p ~ t  p~ = diagonal  ma t r ix  of  f o r e i g n  import  s h a r e s  of demand 
components, Tuscany and t h e  rest of I t a l y ;  
cTt fR = diagonal  ma t r ix  of f o r e i g n  import  s h a r e s  of g ross  
product ion ,  Tuscany and t h e  rest  of I t a l y ;  
V T ,  g R  = d iagona l  ma t r ix  of f o r e i g n  import  s h a r e s  of  i n t e rmed ia t e  
consumption, Tuscany and t h e  rest  of  I t a l y ;  
p1IT, p f g R  = d iagona l  mat r ix  of fo re ign  import  s h a r e s  of i n t e r n a l  
f i n a l  demand, Tuscany and t h e  rest of I t a l y ;  
mT, mR = diagonal  ma t r ix  of i n t e r r e g i o n a l  import  s h a r e s  of 
demand components, Tuscany and t h e  rest of  I t a l y ;  
, m i  = diagonal  mat r ix  of i n t e r r e g i o n a l  import  s h a r e s  of 
g ross  product ion ,  Tuscany and t h e  r e s t  of I t a l y ;  
m g T ,  m g R  = diagonal  ma t r ix  of  i n t e r r e g i o n a l  import  s h a r e s  of 
i n t e rmed ia t e  consumption; 
m" m" = diagonal  ma t r ix  of  i n t e r r e g i o n a l  import  s h a r e s  of T t  R 
i n t e r n a l  f i n a l  demand, Tuscany and t h e  rest of I t a l y ;  
E E~ = v e c t o r  of f o r e i g n  e x p o r t  s h a r e  of n a t i o n a l  e x p o r t  T t  
( s c a l a r )  , Tuscany and t h e  r e s t  of  I t a l y ;  
€ I T t  = d iagona l  ma t r ix  of  f o r e i g n  e x p o r t  sha re  of n a t i o n a l  
e x p o r t  ( v e c t o r ) ,  Tuscany and t h e  rest of I t a l y .  
2 . 1  The Scheme of t h e  REGAL Model 
This  mul t i r eg iona l  op t imiza t ion  model f o r  t h e  a l l o c a t i o n  of 
p r i v a t e  and p u b l i c  investment ,  p roduct ion ,  employment and popula- 
t i o n  over  economic s e c t o r s  and r e g i o n s ,  (see F. Snickars  and A. 
Granholm, 1981) i s  n o t  aimed t o  t r e a t  e x p l i c i t l y  i n t e r r e g i o n a l  and 
i n t e r n a t i o n a l  t r a d e .  
Nevertheless ,  t h e  l i nkages  between t h e  r e g i o n a l  economic 
v a r i a b l e s  and t h e  e x t e r n a l  t r a d e  flows a r e  t r e a t e d  i n  a  way which 
i s  normally followed i n  many o the r  i n t e r r e g i o n a l  models based on 
t h e  top-down approach. 
I f  we reformulate  t h e  REGAL model i n  a  b i reg iona l  one, and 
we spec i fy  only t h e  e x t e r n a l  f lows, we g e t  t h e  following s t ruc -  
t u r e  : 
where 
I n  terms of t h e  m u l t i p l i e r ,  we have: 
-1 t3- X T =  [ ( I  + GT + $) - A T ]  (FT + E T  EN + GRxR) , 
Both t h e  imports from t h e  o t h e r  reg ion  and from t h e  r e s t  
of t h e  world a r e  determined endogenously a s  a  f i x e d  share  of t h e  
r eg iona l  g ross  production; i n  t h e  c u r r e n t  l i t e r a t u r e  t h a t  it 
means they a r e  supposed t o  be of a  complementary type.  The import 
flows do no t  a f f e c t  t h e  matr ix  A and t h e  f i n a l  demand components 
according t o  t h e  scheme: f i n a l  demand + 1/0 matr ix  + gross  pro- 
duct ion  + import. 
No s p e c i f i c a t i o n  i s  given on t h e  import sha re  of t h e  1/0 
c o e f f i c i e n t s  and of t h e  f i n a l  demand components a s  can be shown 
i n  Figure 1 .  
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Figure 1 .  Exte rna l  t r a d e  scheme i n  t h e  REGAL model. 
Looking a t  F igure  1 it i s  a l s o  c l e a r  t h a t  t h e  i n t e r r e g i o n a l  
t r a d e  does not  i nc lude  f o r e i g n  product ion ,  i . e .  it i s  supposed 
t h a t  t h e  r e g i o n a l  import  meets only  complementary needs i n s i d e  
t h e  impor te r  r eg ion  i t s e l f .  
A s  f a r  a s  t h e  r e g i o n a l  expor t  f lows t o  t h e  rest of  t h e  world 
a r e  concerned,  they  a r e  e s t ima ted  a s  a f i x e d  s h a r e  of t h e  n a t i o n a l  
v e c t o r ,  which i s  exogenously der ived  from a n a t i o n a l  model where 
c o n s t r a i n t s  by BOP (Balance of Payment) a r e  supposed t o  e x i s t .  
This  model is  designed i n  o r d e r  t o  focus a t t e n t i o n  on t h e  
i n t e r r e g i o n a l  impact of  some planning p o l i c i e s .  A l l  t h e  v a r i a b l e s  
t h a t  a r e  no t  s u b j e c t e d  t o  planning p o l i c y  ( a s  t h e  i n t e r n a t i o n a l  
flows a r e )  a r e  t r e a t e d  i n  a s imple  way which becomes even s impler  
when t h e  model i s  re formula ted  i n  a b i r e g i o n a l  form. 
2 . 2  The Scheme of  t h e  VERDI Model 
This  b i r e g i o n a l  input-output  model (P. Costa ,  L. Malf i ,  D .  
M a r t e l l a t o ,  1 9 8 0 )  was designed i n  o r d e r  t o  analyze t h e  i n t e r d e -  
pendencies between a s i n g l e  r eg ion  and t h e  rest of  t h e  count ry .  
It  i s  an open and s t a t i c  model where t h e  components of t h e  f i n a l  
demand a r e  exogenously determined. 
The input-output  model i s  c losed  only wi th  regard  t o  i n t e r -  
r e g i o n a l  t r a d e ,  according t o  t h e  Chenery-Moses approach (Chenery 
and Cao-Pinna, 1953) ,  app l i ed  t o  I t a l y  more than  twenty yea r s  
ago. 
The gene ra l  s t r u c t u r e  -of t h e  VEliDI model i s  t h e  fol lowing:  
where 
by s u b s t i t u t i n g ,  w e  have: 
- 1 
XT = [I - (1-m T T T  -p ) A  1 [ (1-my-pT) FT + mR (ARXR+FR) + E:] , 
-1 3 
X~ = [I - (1-m-p ) A ]  [ (1-mR-pR)FR+m ( A X  + F )  + E ~ I  R R R  T T T  T 
The imports from t h e  o t h e r  reg ion  a s  w e l l  a s  from t h e  rest 
of  t h e  world a r e  s p e c i f i e d  a s  a f i x e d  sha re  of t h e  demand com- 
ponents,  both in t e rmed ia t e  and f i n a l  ones ,  excluding expor t  f lows 
a s  shown i n  Figure  2 .  
The i n t e r n a l  demand i s  s p l i t  i n t o  domestic and e x t e r n a l  
components; by t h i s  way, imports a r e  supposed t o  be compet i t ive  
and t h e  m u l t i p l i e r  e f f e c t  i s  es t imated  according t o  t h e  fol lowing 
scheme: f i n a l  demand (reduced by import p ropens i ty )  + 1/0 mat r ix  
(where t h e  c o e f f i c i e n t s  a r e  reduced by t h e  same import  propen- 
s i t y )  + g r o s s  product ion.  
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Figure 2 .  Exte rna l  t r a d e  scheme i n  t h e  VERDI model. 
AS i n  t h e  former model, a l s o  h e r e ,  t h e  f o r e i g n  product ion 
goods a r e  n o t  inc luded  i n  t h e  b i r e g i o n a l  t r a d e  which i s  concerned 
only  wi th  n a t i o n a l  product ion consumed i n s i d e  t h e  count ry .  
The model is designed i n  o r d e r  t o  e v a l u a t e  t h e  impact e f f e c t s  
on t h e  economy of a  r eg ion  from changes i n  t h e  n a t i o n a l  economic 
v a r i a b l e s ,  w i th  p a r t i c u l a r  r e f e r e n c e  t o  in te rdependencies  due t o  
t h e  t r a d e  p a t t e r n s  between t h e  r eg ions  and t h e  rest of  t h e  count ry .  
2 . 3  The Scheme of t h e  MORSE Xodel 
The MORSE model, (L.  Lundqvist ,  1981) ,  i s  a dynamic mul t i -  
r e g i o n a l  1/0 model aimed t o  i n t e g r a t e  economic, employment and 
energy planning i n  a  r e g i o n a l  pe r spec t ive .  
T h e o r e t i c a l l y ,  t h e  model combines t r a i t s  from input-output  
a n a l y s i s ,  i n t e r r e g i o n a l  programming and e q u i l i b r i u m  growth theory .  
A s  t h e  model i s  concerned mainly wi th  an o b j e c t i v e  f u n c t i o n  
r e p r e s e n t i n g  goa l s  i n  economic, employment and energy p lanning ,  
t h e  e x t e r n a l  t r a d e  flows a r e  no t  t h e  c o r e  of  t h e  a n a l y s i s .  
Never the less ,  some s p e c i f i c a t i o n s  i n  t h e  t r ea tmen t  o f  t h e  l i nkages  
t o  t h e  rest of t h e  world w i t h i n  a  top-down approach, could be 
i n t e r e s t i n g  even i n  a  b i r e g i o n a l  1/0 model more o r i e n t e d  t o  a  
b e t t e r  s p e c i f i c a t i o n  of  t h e  i n t e r n a t i o n a l  t r a d e .  
By reformula t ing  t h e  MORSE model 's  s t r u c t u r e  i n t o  a  b i -  
r e g i o n a l  model, we g e t  t h e  fo l lowing  s t r u c t u r e :  
where 
I n  t e r m s  of t h e  m u l t i p l i e r s ,  w e  have: 
W . XT = [(I+G,) - (1-m;)%]-' [ F T ( l - q )  + m ' A  X + S F R  + cTETN , R R R  
XR = [ (l+GR) - ( 1 - m k ) ~ ~ ] - '  [FT ( 1 - m i )  + m l A  X + q F T  + E ' E  W T T T  R TN . 
W A s  f a r  a s  t h e  s c a l a r  of n a t i o n a l  expor t  i s  concerned,  ETN 
i s  cons t r a ined  a t  t h e  n a t i o n a l  l e v e l  by BOP goa l s :  
A s p e c i f i c  f e a t u r e  of t h i s  model i s  t h e  d i f f e r e n t  t r ea tmen t  
of  import  between i n t e r r e g i o n a l  and i n t e r n a t i o n a l  f lows (F igure  
3 ) .  Whereas t h e  f i r s t  ones a r e  cons idered  a s  compet i t ive  and 
t h e r e f o r e  a r e  l i n k e d  t o  demand components, t h e  second ones a r e  
supposed t o  be complementary and a r e  l i nked  t o  r e g i o n a l  g r o s s  
product ion.  
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Figure 3 .  Externa l  t r a d e  scheme i n  t h e  MORSE model. 
I n  a d d i t i o n ,  by pe rmi t t ing  d i f f e r e n t  r a t e s  of s e l f - s u f f i c i e n c y  
f o r  intermediary goods and f o r  f i n a l  demand, t h e  Chenery-Moses 
framework i s  somewhat extended. 
A s  i n  t h e  o t h e r  models surveyed u n t i l  now, t h e  i n t e r r e g i o n a l  
t r a d e  i s  concerned only wi th  domestic production demanded i n s i d e  
t h e  country.  
A s  f a r  a s  t h e  r eg iona l  expor t  i s  concerned, a  mat r ix  sha re  
i s  used t o  breakdown a t  t h e  r eg iona l  and s e c t o r a l  l e v e l  t h e  t o t a l  
n a t i o n a l  expor t  which i s  derived from a n a t i o n a l  econometric model. 
I n  o rde r  t o  avoid t h e  s t rong  assumption on t h e  f ixed  c o e f f i -  
c i e n t s  of t h a t  mat r ix  t h e  parameters €4, EB a r e  subjec ted  t o  change 
over  t ime, according t o  t h e  t r ends  i n  t h e  s e c t o r a l  mixing of t h e  
n a t i o n a l  expor t .  
A 
The same procedure i s  adopted f o r  parameters c T ,  p R  which 
l i n k  reg iona l  import t o  g ross  production i n  t h e  region .  
I n  matr ix  terms, t h e  v e c t o r  E: ( i n  region and region R)  
* 
a s  we l l  a s  t h e  diagonal  mat r ix  p ( i n  region  and region  R), i s  
s p l i t  i n t o  two components i n  t h e  following way: 
and 
where 
where 
t E ~ i  Ei = - W a t  time t , 
E~~ 
While both t h e  diagonal  mat r ix  E* and p* a r e  taken a s  f ixed  
over t ime, t h e  diagonal  mat r ix  pt and t h e  vec tor  E~ a r e  subjec ted  
t o  change over t ime, according t o  h i s t o r i c a l  t r ends  o r  short-term 
f o r e c a s t s .  
In  t h i s  way, t h e  consis tency between t h e  s e c t o r a l  mixing a t  
n a t i o n a l  and reg iona l  l e v e l s  i s  achieved f o r  each time t .  
The model conta ins  a  t y p i c a l  n a t i o n a l  pol icy  v a r i a b l e  i n  
o rde r  t o  c o n s t r a i n  t h e  fore ign  flows: t h e  balance of payment ( B O P ) .  
Because of t h e  high dependence of the  expor t  from exogenous i n t e r -  
n a t i o n a l  va r i ab les ,  by determining BOP, t h e  model (closed with 
r e spec t  t o  t h e  o t h e r  f i n a l  demand components) i n d i c a t e s  t h e  l e v e l  
of t h e  g ross  production which i s  c o n s i s t e n t  with t h e  expor t  flows. 
2 . 4  The Scheme of  t h e  REGIS Model 
The REGIS model (R .  Courbis and G. C o r n i l l e a u ,  1 9 7 8 )  i s  a  
reduced form df t h e  n a t i o n a l  REGINA model. Both models a r e  of 
t h e  m u l t i r e g i o n a l ,  inderdependent  k ind ,  b u i l d  around a  c o r e  con- 
s t i t u t e d  by a  product ion model o f  input -output  type .  
The s e c t o r a l  d i saggrega t ion ,  a s  w e l l  a s  t h e  t e r r i t o r i a l  
one,  i s  h igh ly  d e t a i l e d ;  t h e  model t a k e s  i n t o  account  t h e  i n t e r -  
r e g i o n a l  mob i l i t y  of many economic and s o c i a l  f a c t o r s .  
Even i f  t h e  REGIS i s  one of t h e  most comprehensive and 
s o p h i s t i c a t e d  m u l t i r e g i o n a l  models, t h e  i n t e r r e g i o n a l  t r a d e  i s  
n o t  s p e c i f i e d  i n  t e r m s  of  g r o s s  f lows.  On t h e  o t h e r  hand, t h e  
REGIS model i s  a  good example of a  d e t a i l e d  and t h e o r e t i c a l l y  
j u s t i f i e d  t r e a t m e n t  of f o r e i g n  t r a d e  a t  a  r e g i o n a l  l e v e l .  
By reducing t h e  REGIS model t o  a  b i r e g i o n a l  one,  w e  l o s e  t h e  
main s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h i s  model; i n  a d d i t i o n ,  by 
focuss ing  ou r  a t t e n t i o n  on t h e  e x t e r n a l  t r a d e  flows a t  a  r e g i o n a l  
l e v e l ,  w e  ana lyze  a  p a r t  of t h e  model which i s  n o t  s p e c i f i e d  a s  
t h e  m u l t i r e g i o n a l  t r a d e  is concerned.  
By bea r ing  i n  mind t h e s e  s t r o n g  l i m i t a t i o n s ,  t h e  b i r e g i o n a l  
s t r u c t u r e  of t h e  REGIS model i s  a  very  s imple  one: 
where 
NET = -NER . 
The m u l t i p l i e r  of  t h e  model i s  t h e  t r a d i t i o n a l  Leon t i e f f  
i n v e r s e  mat r ix :  
I n  t h i s  s t r u c t u r e  no d i r e c t  impact of t h e  i n t e r r e g i o n a l  
t r a d e  flows i s  supposed t o  ope ra t e  i n  t h e  product ion and demand 
formation (see Figure 4 ) ,  where a s  many o t h e r  f a c t o r s  ( n o t  taken 
i n t o  c o n s i d e r a t i o n  h e r e )  have many i n d i r e c t  e f f e c t s  v i a  i n t e r r e -  
g i o n a l  mobi l i ty  o r  in te rdependencies .  
REST OF THE WORLD 
TUSCAEiY THE REST OF ITALY 
E: n: *- 
Figure  4 .  Exte rna l  t r a d e  scheme i n  t h e  REGIS model. 
The REGIS model employs import and expor t  func t ions  econome- 
t r i c a l l y  s p e c i f i e d  a t  t h e  r eg iona l  l e v e l ;  t h e r e  i s  a  d i f f e r e n t  
t r ea tmen t  of  import  wi th  r e s p e c t  t o  compet i t ive  o r  complementory 
products .  Here t h e  d i f f e r e n c e  between compet i t iveness  and com- 
p lementar i ty  i s  more t h e o r e t i c a l l y  based than i n  most models. 
Competit iveness i s  assumed t o  be determined only by n a t i o n a l  
v a r i a b l e s .  I n  t h i s  c a s e ,  t h e  r eg iona l  import  i s  es t ima ted  a s  a  
f i x e d  s h a r e  of t h e  n a t i o n a l  one: 
For complementary goods, i n s t e a d ,  it i s  assumed t h a t  import  
flows a r e  l i nked  t o  t h e  growth of r e g i o n a l  demand and t o  t h e  pro- 
duc t ion  p r i c e s  r e l a t e d  t o  import  p r i c e s ,  v i a  an econometric : 
f u n c t i o n  a t  t h e  r e g i o n a l  l e v e l :  
where 
DT = v e c t o r  of r e g i o n a l  t o t a l  demand ( index  numbers); 
P = v e c t o r  of product ion p r i c e  a t  t h e  n a t i o n a l  l e v e l ;  
PM = v e c t o r  of import a t  t h e  n a t i o n a l  l e v e l ;  
b , c  = e l a s t i c i t y  parameters (demand, r e l a t i v e  p r i c e )  . 
Foreign expor t  i s  a l s o  es t imated  by econometric func t ions  
wi th  r eg iona l  s p e c i f i c a t i o n s  based on d i f f e r e n t  e l a s t i c i t y  para-  
meters, where t h e  independent v a r i a b l e s  a r e  t h e  e x p o r t  p r i c e s  
a t  t h e  n a t i o n a l  l e v e l  (PX) : 
I n  a d d i t i o n  t o  t h e  equat ions  t h e r e  a r e  n a t i o n a l  sums c o r r e s -  
ponding t o  r e g i o n a l  e x p o r t  and import ,  bo th  endogenous. Thus, 
f o r e i g n  t r a d e  i s  a l t o g e t h e r  r e g i o n a l l y  s p e c i f i e d  i n  t h i s  model, 
which i s  a very unusual proper ty  i n  t h e  c u r r e n t  modeling p r a c t i c e  
where t h e  top-down approach i s  normally used. 
3 .  A BIREGIONAL 1/0 MODEL DESIGNED FOR THE TUSCANY REGION 
This model i s  designed i n  o r d e r  t o  have a  co re  t o  which a r e  
l i n k e d  some submodels o r i e n t e d  t o  ana lyz ing  s p e c i f i c  a s p e c t s  of 
t h e  r e g i o n a l  r e a l t y a n d  t h e  in te rdependencies  wi th  t h e  r e s t  of t h e  
n a t i o n  and t h e  rest of t h e  world.  
The co re  of t h e  model i s  c o n s t i t u t e d  by t h e  1/0 mat r ix  f o r  
t h e  Tuscany reg ion  which i s  a t  p r e s e n t  a v a i l a b l e  f o r  t h e  yea r s  
1975 and 1977 ( b u i l t  by an i n d i r e c t  procedure)  and f o r  t h e  y e a r  
1978 ( b u i l t  by a  d i r e c t  survey p rocedure ) .  
The l inkages  between Tuscany and t h e  rest of I t a l y  a r e  based 
on t h e  t r a d e  c o e f f i c i e n t s  ma t r ix  which l i n k s  t h e  Tuscany 1/0 ma t r ix  
and t h e  r e s t  of  I t a l y ,  and on an i n t e r r e g i o n a l  popu la t ion  model 
which w i l l  be developed i n t o  a  demo-economic i n t e r r e g i o n a l  model. 
The l i n k a g e s  between Tuscany and t h e  r e s t  of  t h e  world v i a  
i n t e r n a t i o n a l  t r a d e  a r e  provided both by a  r e g i o n a l  model of  
e x p o r t  (bottom-up approach) and by a  breakdown from t h e  INFORUM 
p r o j e c t  (top-down approach) on which IRPET is  working i n  o r d e r  
t o  l i n k  I t a l y  t o  t h e  INFORUM model (C.  Almon and D. Nyhus, 1977) .  
P a r t i c u l a r  emphasis i s  given i n  t h e  model t o  t h e  t r ea tmen t  
o f  p u b l i c  components o f  t h e  f i n a l  demand i n  o r d e r  t o  ach ieve  a  
d e t a i l e d  s p e c i f i c a t i o n  of  t h e  l i n k a g e s  between t h e  p u b l i c  autho- 
r i t y  expendi tures  ( e s p e c i a l l y  a t  t h e  l o c a l  l e v e l )  and t h e  produc- 
t i v e  s e c t o r s .  
The g e n e r a l  scheme of  t h e  models system t h a t  is  developed 
w i t h i n  t h e  Tuscany c a s e  s tudy  is shown i n  F igu re  5 .  
This  paper  d e a l s  o n l y  w i t h  t h e  p a r t s  of  t h e  model, as w e l l  
as t h e i r  l i n k a g e s ,  t h a t  are concerned wi th  e x t e r n a l  t r a d e .  These 
p a r t s  are shown i n  t h e  scheme by doubled- l ined squa re s ;  t hey  are 
concerned wi th  r e g i o n a l  e x p o r t  and tour i sm model (box A ) ,  i n t e r -  
n a t i o n a l  e x p o r t  and import  Pinkages - INFORUM (box B ) ,  r e g i o n a l  
l i n k a g e s  demand f o r  consumption (on ly  t o u r i s t  consumption) and 
e x p o r t s  (box C-1 ) , and i n t e r r e g i o n a l  t r a d e  l i n k a g e s  (box C-2) . 
3.1 General  S t r u c t u r e  o f  t h e  Model w i t h  Reference t o  
I n t e r r e g i o n a l ,  I n t e r n a t i o n a l  Trade Flows and 
The i r  Linkages 
The i n t e r r e g i o n a l  t r a d e  in te rdependenc ies  are t r e a t e d  i n  
t h i s  model, t o  some e x t e n t ,  as i n  t h e  VERDI model; i n  a d d i t i o n ,  
a l i nkage  between i n t e r r e g i o n a l  f lows and i n t e r n a t i o n a l  ones  i s  
modeled i n  o r d e r  t o  t a k e  i n t o  account  a l s o  t h e  r e - expor t s  from 
t h e  impor te r  r eg ion ,  acco rd ing  t o  t h e  fo l lowing  two schemes: 
f o r e i g n  p roduc t ion  + f o r e i g n  r e g i o n a l  import  + i n t e r -  
r e g i o n a l  e x p o r t  
f o r e i g n  r e g i o n a l  e x p o r t  + i n t e r r e g i o n a l  import  + re- 
g i o n a l  p roduc t ion  
International 
leve 1 
National level 
X 
Regional 7 
level 2 
traregional 
1 eve 1 
Figure  5 .  Tuscany case  s tudy:  gene ra l  model scheme. 
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Foreign reg iona l  import i s  not  supposed t o  be re-exported 
( v i a  i n t e r r e g i o n a l  t r a d e )  t o  fore ign  markets. 
According t o  t h e s e  assumptions, t h e  genera l  s t r u c t u r e  of 
t h e  model can be designed i n  t h e  fol lowing terms: 
W T W T X R =  [ ( A X  + FR) - M R -  MR] + ER + ER t R R 
where 
and 
by tak ing  i n t o  account t h a t  
we have 
The f i n a l  s t r u c t u r e  of t h e  model i n  terms of input-output  
inve r se  matr ix  i s  given by t h e  following equat ions:  
The i n t e r r e g i o n a l  and i n t e r n a t i o n a l  t r a d e  flows a r e  connec- 
t e d  a s  can be i l l u s t r a t e d  by F igure  6 .  
REST OF THE WORLD 
Figure  6 .  Exte rna l  t r a d e  scheme i n  t h e  Tuscany model. 
A s  it i s  shown i n  t h i s  f i g u r e ,  t h e  i n t e r r e g i o n a l  t r a d e  i s  
concerned a l s o  wi th  imported f o r e i g n  product ion  and wi th  expor ted  
domestic product ion .  
The s p l i t  o f  t h e  n a t i o n a l  import  i n t o  two p a r t s  (used i n s i d e  
t h e  impor te r  r eg ion  and t r a d e d  o u t s i d e  t h e  imput r e g i o n )  i s  c l e a r  
when w e  aggrega te  t h e  two r eg ions .  
By d e f i n i n g  ATXT + FT = DT and ARXR + FR = DR w e  o b t a i n  
where 
#* = n a t i o n a l  import  used i n s i d e  t h e  impor te r  
r e g i o n s  (Tuscany and t h e  rest of  I t a l y )  ; 4** = n a t i o n a l  import  t r a d e  o u t s i d e  t h e  impor te r  
r e g i o n s  ( re-exported impor t )  . 
3 . 2  The Treatment of  Import Flows and I n t e r r e g i o n a l  Trade 
A s  f a r  as t h e  import  f lows are concerned,  t h e  main d i s t i n c -  
t i o n  k h i c h  i s  u s u a l l y  made i s  between compe t i t i ve  and conplemen- 
t a r y  impor t s .  Whereas i n  t h e  economic. t heo ry  such a d i s t i n c t i o n  
is c l e a r  (complementary when no domest ic  s u b s t i t u t e  i s  a v a i l a -  
b l e  i n  t h e  r eg ion ,  compe t i t i ve  when it i s ) ,  i n  r e a l i t y ,  a s  w e l l  
a s  i n  modeling work, it i s  n o t  so .  F i r s t l y ,  by working on a 
s e c t o r a l  l e v e l  (branches  of  t h e  input -ou tpu t  m a t r i x ) ,  each s e c t o r  
i n c l u d e s  bo th  compe t i t i ve  and complementary p roduc t s .  Secondly,  
even i f  goods are produced i n  t h e  r eg ion ,  t h e  l e v e l  of  t h e  
r e g i o n a l  p roduc t ion  cou ld  n o t  be h igh  enough t o  m e e t  t h e  needs 
of  t h e  i n t e r n a l  demand. 
I n  t h e  r e g i o n a l  modeling work it i s  o f t e n  assumed t h a t  a l l  
t h e  import  f lows a r e  e i t h e r  compe t i t i ve ,  o r  complementary; i n  
a d d i t i o n ,  by a p p l i e d  f i x e d  c o e f f i c i e n t s  a l s o  i n  t h e  t r e a t m e n t  of 
compe t i t i ve  impor t s ,  t h e  d i s t i n c t i o n  wi th  t h e  complementary import  
i s  smooth and it has  no r e a l  economic b a s i s .  Taking i n t o  account  
t h e s e  problems, t h e  imports  a r e  o f t e n  cons ide red  e i t h e r  a s  compe- 
t i t i v e  o r  complementary accord ing  t o  a very crude assumption.  I f  
the import  does  n o t  a f f e c t  t h e  produc t ion  format ion ,  t h e  produc- 
t i o n  is  determined by t h e  fo l lowing  equa t ion .  
whereas t h e  imports  a r e  determined by a  second equat ion :  
I n  t h i s  c a s e ,  t h e  import  flows a r e  supposed t o  be comple- 
mentary. 
I n  an o p p o s i t e  way, t h e  imports  a r e  t r e a t e d  a s  compet i t ive  
when they a r e  inc luded  i n  t h e  de te rmina t ion  of  t h e  product ion  
v i a  t h e  fol lowing equat ion :  
i f  they  a r e  compet i t ive  wi th  r e s p e c t  t o  t h e  in t e rmed ia t e  products  
demand, and v i a  t h e  fo l lowing  equat ion :  
i f  they a r e  compe t i t i ve  w i t h  r e s p e c t  t o  t h e  f i n a l  demand com- 
ponents.  
I n  t h i s  l a s t  c a s e ,  the imports  a r e  modeled i n  a  s i m i l a r  
way t o  t h a t  used i n  t h e  Keynesian models w i t h i n  an open economy. 
Taking i n t o  account  t h e s e  crude d e f i n i t i o n s ,  i n  t h e  b i r e g i o n a l  
1/0  model f o r  t h e  Tuscany reg ion ,  t h e  imports  a r e  cons idered  
compet i t ive  both  f o r  i n t e r r e g i o n a l  and i n t e r n a t i o n a l  f lows.  
I n  f a c t ,  this approach impl i e s  only t h e  assumption t h a t  a  pro- 
p o r t i o n a l  l i nkage  i s  supposed t o  l i n k  import  and i n t e r n a l  demand 
components v i a  f i x e d  c o e f f i c i e n t s ,  i .e .  no s u b s t i t u t i o n  e f f e c t  
between i n t e r n a l  and f o r e i g n  product ion i s  taken i n t o  c o n s i d e r a t i o n .  
A s  f a r  a s  t h e  i n t e r r e g i o n a l  t r a d e  c o e f f i c i e n t s  a r e  concerned,  
t h e  t r a d i t i o n a l  Chenery-Moses procedure i s  modified i n  o rde r  t o  
inc lude  i n  t h e  i n t e r r e g i o n a l  t r a d e  a l s o  t h e  f o r e i g n  imports  and 
expor t s .  The t r a d e  c o e f f i c i e n t s  equat ions  a r e  reformulated i n  
* * *  
- rnT; and mx = m = m t h e  fol lowing way i f  m; = m**- R R 
where (1-mT) , a s  w e l l  .as  ( 1  -mR) a r e  t h e  s e l f - s u f f i c i e n c y  r a t e  
wi th  regard  t o  i n t e r r e g i o n a l  t r a d e .  
W W MT and MR a r e  l i n e a r l y  dependent bo th  from t h e  r e g i o n a l  
demand and from t h e  i n t e r r e g i o n a l  expor t  ( i . e .  import  of t h e  
o t h e r  r eg ions )  demanded f o r  i n t e r n a l  u t i l i z a t i o n  through t h e  
p a r a n e t e r s p ? ,  )I: and pj*t ";f*. If P; = P;* = PT and p;f = p;f* 
- pR, w e  g e t :  
- 
 < and - 
'T DT + rnRDR "R DR + %DT , 
A s  i n  t h e  MORSE model, t h e  parameters pT and pR a r e  subjec-  
t e d  t o  change over  t i m e  according t o  t h e  expected changes i n  t h e  
s e c t o r a l  mixing of t h e  import  a t  t h e  n a t i o n a l  l e v e l  de r ived  v i a  
t h e  INFORUM model. 
Future  s t e p s  i n  t h e  modeling work w i l l  t a k e  i n t o  account  
t h e  p o s s i b i l i t y  of  t r e a t i n g  import flows ( o r  some of  them) a s  
r e a l  compet i t ive  ones.  A p o s s i b l e  approach could be t h e  one 
used i n  t h e  REGIS model, where an economic func t ion  l i n k s  t h e  
import flows t o  some independent v a r i a b l e s  such a s  r e g i o n a l  
demand, p r i c e  l e v e l s ,  e t c . ,  v i a  e l a s t i c i t y  parameters .  Even i n  
t h i s  case  t h e  INFORUM model could provide c o n s i s t e n t  s c e n a r i o s  
a t  t h e  n a t i o n a l  l e v e l .  
3 . 3  The Treatment of Export Flows and Tourism 
Because of t h e  impor tan t  economic r o l e  of t h e  l i nkages  t o  
t h e  fo re ign  markets,  t h e  model f o r  t h e  Tuscany reg ion  devotes  
g r e a t  a t t e n t i o n  t o  a  r e g i o n a l  de te rmina t ion  of  t h e  expor t  f lows, 
both of commodities and s e r v i c e s  ( t o u r i s t s ) .  
A bottom-up approach i s  used f o r  those  commodities which 
have a  high weight i n  t h e  expor t  mixing of t h e  reg ion  and, a t  
the same time, are supposed to have specific behavioral functions 
as far as the regional level is concerned. 
On the other hand, for commodities whose export functions 
are not supposed to have regional specifications, we assume that 
a top-down approach is the most appropriate one. 
Whereas in the first case (bottom-up approach), econometric 
functions at the regional level are used, in the second case 
(top-down approach), the regional vectors are derived from 
national forecasts, achieved via INFORUM model to which Italy 
will be linked in the near future. 
In both cases transition matrices are used in order to 
convert commodities into 1/0 sectoral branches (31 in Tuscany 
1/0 matrixj. 
In addition to a highly detailed commodity disaggregation 
each commodity export function is separately estimated for some 
groups of foreign commodities, between Tuscany and the rest of 
Italy. 
Figure 7 describes the submodel for the export flows of 
commodities as it is designed in the Tuscany biregional 1/0 
model. 
The following notations are used: 
W EW 
't,g,ct r,g,C = export of Tuscany and the rest of 
Italy by commodity g (UICC classi- 
fication*) and country c; 
- 
W 
En,g,c = export of Italy by commodity g (SITC 
classification**) and country c; 
UICC 
Ti, g 'ITC = transition matrices converting com- Ti,g 
modities in SITC and UICC classifi- 
cation into 1/0 sectoral branches; 
* 
UICC (Unione Italiana Camere di Commercio) classification is 
adopted in Italy for export and import data at the provincial 
level, derived from foreign payment flows. 
* *  
SITC (Standard International Trade Classification) classifica- 
tion is adopted by the United Nations and by OECD for the inter- 
national trade. 
W E: 
Et,i (o,m) = v e c t o r s  of r e g i o n a l  expor t  by , i (o,m) 
s e c t o r s  (0 -m)  , d e r i v e d  from 
t h e  bottom-up approach; 
- - -  
W W 
E t , i ( m , n ) t  E r , i ( m , n )  = v e c t o r s  o f  r e g i o n a l  expor t  by 
s e c t o r s  (m-n), de r ived  from t h e  
top-down approach; 
The econometric r e g i o n a l  expor t  f u n c t i o n s  are es t ima ted  by 
techniques  a p p l i e d  t o  independent v a r i a b l e s  a t  t h e  i n t e r n a t i o n a l  
and n a t i o n a l  l e v e l .  
Both t i m e  series and c r o s s - s e c t i o n  d a t a  a r e  used,  t h e  l a t t e r  
by grouping t h e  s i n g l e  c o u n t r i e s  i n t o  market a r e a s .  A l l  t h e  
v a r i a b l e s  a r e  expressed i n  c o n s t a n t  p r i c e s .  
The r e g i o n a l  s p e c i f i c a t i o n  i s  achieved by e s t i m a t i n g  d i f f e -  
r e n t  e l a s t i c i t y  parameters  between Tuscany and t h e  rest of  I t a l y .  
I n  a d d i t i o n ,  by g e t t i n g  each set of parameters  f o r  each count ry  
and commodity combination,  t h e  count ry  s h a r e  composit ion,  by 
i t s e l f ,  imp l i e s  d i f f e r e n t  e s t i m a t i o n s  of  t h e  expor t  t r e n d s  between 
Tuscany and t h e  rest of  I t a l y ,  even i f  t h e  e l a s t i c i t y  was t h e  
same. 
Regional e x p o r t s  are t r e a t e d  by an a d d i t i v e  demand and 
p r i c e  r e l a t i o n s h i p :  
These f u n c t i o n s  assume t h a t  only a  p a r t  of t h e  e x p o r t s  a r e  
p r i c e  and/or demand dependent due t o  t h e  c o n s t a n t s  KT and 
rgtC 
KR,g,c- 
The v a r i a b l e  RP i s  t h e  index of t h e  r e l a t i v e  expor t  p r i c e s  g t c  
a s  they  a r e  taken  i n t o  account  by t h e  f o r e i g n  customers.  RP i s  g t c  
equal  t o  t h e  index of t h e  n a t i o n a l  expor t  p r i c e ,  d iv ided  by t h e  in-  
dex of p r i c e  i n  count ry  C ;  f i n a l l y ,  t h e  r e s u l t  i s  m u l t i p l i e d  by t h e  
index of exchange between I t a l y  and count ry  C.  
The second independent v a r i a b l e  i s  a composite one. The index 
of t h e  domestic demand i n  countryc(Dc) i s ,  i n  f a c t ,  c o r r e c t e d  by 
t h e  r a t i o  between t h e  same index and t h a t  of domestic demand i n  I t a l y .  
Here it i s  assumed t h a t  a  p a r t i a l  s u b s t i t u t i o n  e f f e c t  
between f o r e i g n  market and t h e  n a t i o n a l  one can i n f l u e n c e  t h e  
bus iness  c y c l e  of r e g i o n a l  expor t .  
The r o l e  of t h e  f o r e i g n  demand is  reduced o r  ampl i f ied  accor-  
d ing  t o  t h e  d i f f e r e n t i a l s  i n  t h e  growth r a t e  between t h e  f o r e i g n  
demand i t s e l f  and t h e  n a t i o n a l  one. 
By adopt ing  t h i s  composite v a r i a b l e ,  a  l i nkage ,  even i f  a  
very  s imple one,  i s  e s t a b l i s h e d  between t h e  r e g i o n a l  f o r e i g n  
expor t  and t h e  i n t e r r e g i o n a l  t r a d e  which i s  dependent,  v i a  t r a d e  
c o e f f i c i e n t s ,  by t h e  domestic demand i n  both  rag iona .  
A s  f a r  a s  t h e  ?art  of t h e  r e g i o n a l  e x p o r t  v e c t o r  de r ived  
from t h e  n a t i o n a l  f o r e c a s t  ( v i a  t h e  INFORUM model) i s  concerned, 
t h e  fol lowing a lgor i thm i s  used: 
f o r  s e c t o r s  i from m t o  n  ( s e e  Figure  7 ) .  
Due t o  t h e  r o l e  of  e x t e r n a l  tour ism i n  Tuscany, t h e  t o u r i s t  
f lows a r e  t r e a t e d  a s  an a d d i t i o n a l  commodity. The procedure i s  
s i m i l a r  t o  t h a t  a p p l i e d  f o r  t h e  expor t  f lows,  i . e .  an econometric 
f u n c t i o n  i n  e s t ima ted  f o r  each count ry  of o r i g i n  ( inc lud ing  t h e  
r e s t  of I t a l y  and Tuscany).  
The dependent v a r i a b l e  i s  t h e  number of  t h e  t o u r i s t - d a y s  
(T') , whereas t h e  independent v a r i a b l e s ,  a r e  t h e  ma t r ix  of t h e  
demand i n  count ry  . ( DC)  and t h e  n a t i o n a l  p r i c e  index,  d e f l a t e d  
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Figure 7. Export flows scheme. 
by t h e  p r i c e  index  and exchange index  i n  coun t ry  C(RPC):  t h i s  
l a s t  v a r i a b l e  i s  assumed t o  be equa l  t o  1 f o r  t h e  I t a l i a n  t o u r i s t s .  
The f u n c t i o n  used h a s  t h e  fo l lowing  form: 
The e s t i m a t i o n s  of t h e  t o u r i s t - d a y s  are conver ted  i n t o  t h e  
tour is t -consumption through a t r a n s i t i o n  ma t r ix  of  t h e  s e c t o r a l  
t o u r i s t  cornsumption by s e c t o r  i and countryc ( t c i ,  c accord ing  t o  
t h e  fo l lowing  scheme: 
where 
E Ci = consumption o f  non - re s iden t s ;  
C? = consumption of  r e s i d e n t s ;  
Ci = t o t a l  p r i v a t e  consumption i n  t h e  reg ion .  
I n  t h e  b i r e g i o n a l  model, t h e  t o t a l  p r i v a t e  consumption, as 
a component of  t h e  f i n a l  demand, assumes t h e  fo l lowing  form i n  
Tuscany and i n  t h e  rest of  I t a l y .  
I t  should be noted t h a t  a  r e g i o n a l  s p e c i f i c a t i o n  of t h e  
tour ism f u n c t i o n s ,  a s  we l l  a s  those  f o r  e x p o r t ,  i s  made p o s s i b l e  
by t h e  a v a i l a b i l i t y  of r e g i o n a l  d a t a  over  a  long  per iod  of t i m e .  
4 .  CLOSING REMARKS ( t o  be w r i t t e n )  
The i n t e r n a t i o n a l  t r a d e  i s  a  weak p o i n t  i n  many mul t i r eg iona l  
economic models, e s p e c i a l l y  a s  f a r  a s  t h e  t r ea tmen t  of expor t  i s  
concerned. 
The most common t r ea tmen t  of the expor t  flows i s  t o  region- 
a l i z e  r e s u l t s  of  a  n a t i o n a l  economic model. This  methodology i s  
a p p r o p r i a t e  f o r  commodities where expor t  func t ions  a r e  n o t  sup- 
posed t o  have r e g i o n a l  s p e c i f i c a t i o n s .  On t h e  o t h e r  hand, f o r  
t h o s e  commodities supposed t o  have s p e c i f i c  behav io ra l  func t ions  
a t  t h e  r e g i o n a l  l e v e l ,  a  bottom-up approach i s  p r e f e r r e d .  
The model f o r  t h e  Tuscany r eg ion  devotes  g r e a t  a t t e n t i o n  t o  
a  r e g i o n a l  de te rmina t ion  of t h e  expor t  flows both  of  commodities 
and s e r v i c e s  ( f o r e i g n  t o u r i s m ) ,  a s  w e l l  a s  t h e  in te rdependencies  
between i n t e r n a t i o n a l  and i n t e r r e g i o n a l  t r a d e .  Even i f  t h e  metho- 
dology adopted i n  modeling such l inkages  is  a  very s imple one, 
t h e  e x t e r n a l  t r a d e  r e l a t i o n s h i p s  a t  t h e  r e g i o n a l  l e v e l  i s ,  t o  
some e x t e n t ,  more comprehensive. 
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1. . In the investigation of controlled s y s k m s  with the x E G ,  C .Y. 
aid of mathematical models when there a r e  several opera- 
tlon indicators for the system under study, use is made of 
the following baslc approaches, which enable us to analyze 
the properties of the system end to glve the person making 
the decision (Phil)) the ability to choose the most suitable 
input signal to the systeln: 1) Estimation of the values of 
the Indicators when Lhere a r e  a finite ~runrber of versions 
of the signal to the systertl (the slmulatlon approach)'; 3)  
nrathematical contraction (combination) of the indicators 
into a single indicator and subsequent optlnlization of it,2 
or solution of a se r i e s  of optimization problems with 
where x i s  the vector of variables. Cx is the s e t  of adrnl 
sible valucs, and the space X of variables of the r~lodel 
can be either finite-dir~lensional o r  sonie fu~rctior~ spilcc 
if, say, a par t  of Lhe c o ~ l s t r a i t ~ t s  consists of differential 
er4uatio1rs. Since the sysletn under study i s  controlled. 
more U ~ a t i  one poit~t x E X sat is f ies  the equatio~ls of the 
model (1). Suppose that the operntion 01 tlre systern i s  
evaluated by a finite-dinienslonal vector of indicators f 
which i s  connected with tlie varlnbles of the systern by a 
mapplng F, 
gradual refinement of the ~ ~ o n f o r n ~ a l i z ~ d  contraaction of /=h. J E F .  (2) 
the lndlcators that Is available in the representation of the 
PhlD (vector ~ ~ t l m i z a t l o n ) ~ ;  3) construction of the s e t  of 
effective (nonimprovahle) values of the indicators o r  the 
slgnals (the Parcto  riel in the space of indicators o r  con- 
trols).' In this ar t ic le  we present a new approach to  the 
analysis of controlled sysieniv with several '  indicators, 
an approach based on colrstructillg generalized se t s  of ac- 
cessibility. 
2. Any rnathen~atical nrodel can be regarded as a s e t  
of conetrait~ts singlity out admissible values of the varl- 
&lev anlong all possible values. If the number of vari-  
ables i s  finite. theti the nlodel can be represented in the 
form 
The proposed approach i s  based on the construction of the 
s e t  Cf  of all  accesslblc values of tlie Indlcators f from the 
point of view of the model (1). 
De f i I r  i t i o n  . The se t  Cf defined by the relation 
G,= I / E L ' :  / =  Fx, x E G ,  I ,  (3) 
will be called the generalized s e t  of accessil~ili ty (the se t  
of poteritial possibilities) of the n~odel  (1) with respect to 
the indicators (2). 
Thls definition gives the s e t  Gf in inrplicit form. L3y 
(he approach or) the basis of generalized sets of accessi-  
bility we mean the construction of the s e t s  Gf in expliclt 
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where c!, c:, c l  a r e  specified matrices and vectors; 
the initial condition 
FIG. I 
form and thei r  investigation. The proposed metl~od makes 
i t  poasible to investigate all possible vnlues of t l ~ e  indica- 
tom (unlike In the s in~ula t lon appronch) and does not re-  
quire us to contract the indlcators in t l ~ l s  o r  that form, a s  
ie done in vector optimization. Par t  of the boundary of Cf 
is the Pare to  se t  in the space of indicators. and for  convex 
aeta Gx and linear indlcators (2) the se t  Cf i s  convex, i.e., 
i t  can be (at least  approximately) represented as the inter- 
section of a finite number of half-spaces, while evett in 
t h b  case  the Pare to  s e t  i s  not convex (see  Fig. 1 ,  where a 
typical s e t  Gf i s  pictured; here  the pa re to  s e t  i s  the curve 
ACB). For  sufficiently aggregated l inear models and in- 
dicators the se t  GI can be constructed numericallv with 
the help of the the methods presented here. Up to the pres- 
ent t lme s e t s  of the type Gf have been used for explaining 
vector-optlmlzation methods. but have not been used di- 
rectly in tlle investigations because of the absence of ef- 
fective methods for constructing them. 
3. If X la the t~-dfmenslonal Euclidean space En and 
the ae t  Cx i s  polyhedral. then the se t  Gf can be constfucted 
aa follows. The relations (1) and (2) determine a certain 
ae t  Y in the d i rec t  sum of the spaces En ant1 Er: 
The s e t  Gf i s  the orthogonal projection of the s e t  Y into 
the space E'. Methods for constructing the projections 
of polyhedral s e t s  specified in the form of a sys tem of 
llnear inequalities were  considered in Ref. 4 Certain 
modifications of these methods requiring less  operational 
computer memory and complemented by devices for dis- 
carding those inequalities in the description of the poly- 
hedral s e t s  whose removal docs not change ( o r  chmges  
only slightly) the se t  described make i t  possible to  corl- 
etruct the s e t s  Gf for many practically in teres t i r~g sys- 
tems in the form 
where D i s  a matrix and d i s  a vector. I f  the model (1) is  
nonlinear. but the s e t  Cx i s  convex. the11 C;f can he ap- 
proximated by a polyhedral set .  
4. Suppose now that (1) i s  a llnear dvnanilc model 
with linear constrair~ts on the controls atid phase coordi- 
nates. 1.e.. the model i s  described by: 
the equations 
where yi E Emy i s  the vector of tlre phase coorditlates. 
ui E F:mu i s  the co~l t ro l  vector. arid Ai. Ui. oi n re  speci- 
fled matrices and vectors;  
the syatctn of c~ms t ra tn t s  
where I*, i s  a specified polyhedral set. 
T l ~ l s  dynamic model can be reduced to the static mod- 
e l  considered in the preceding sect1011 if we introduce the 
vector x 7 (yo, y,, . . . , y ~ ,  uo.. . . . U N - ~ ) ,  wl~lch has dlmen- 
slon (N + l ) m y  + Nmu, aicer which we construct the getc- 
eralized se t  of accessibility Cf by the lnetl~od described 
above. I!owever, it i s  possible to approach the construc- 
tion of the s e t  Gf on the bas is  of the usual s e t  of accessi-  
bility rN, i.e.. the se t  o l  all points of the space of phase 
coordinates E ~ Y  into which the system (6), (7) can be 
transformed from ro af ter  N steps. If we take the vector 
f to be the vector of thc phase cwrdinntes  y ~ .  then the 
generalized s e t  of accessibility Gf coincides with the se t  
TN (this i s  the origin of the term "generalized s e t  of ac-  
cessibility*). The sequence of se ts  of accessibilitv ro. 
I',.. . . . I'N can be constructed in the form (5) also bv 
using algorithms for orthogonal projection bf polyhedral 
se ts ,5  af ter  which, for arbi t rary  indlcators depe~~ding on
the final s ta te  of the system. the se t  GI can easily be ob- 
tained from the s e t  r~ and the re la t to~i  (2). where the 
image depends only on those coordinates of t l ~ e  vector x 
that represent y ~ .  But if some llnear indicator has "in- 
tegral" form. tlien it i s  known6 that this case  can be re-  
duced to the previous introduction of an additional phase 
coordinate. 
5. Suppose that the model (1) under study is a systern 
of controlled differer~tial equations on the segment of t i n ~ e  
(0, TI. but differs from the model (6)-(8) lo that the dy- 
namics of the phase variables is  described by a differcn- 
tial equation instead of a multi-step equation. Then under 
certain natural conditions it turns out' that the se t  of ac-  
cessibility I'(T) of this system can be approximated bv the 
s e t  of acc~ss ib i l l t y  of a multi-step systenl of the type (6)- 
(8). and, thus. the problem of constructing the generalized 
s e t  of accessibility Gf for such a systern reduces lo the 
problem considered in Sec. 4. 
6. The s e t  Gf constructed can be represented to the 
investigator o r  the P31D in the form of two-dimensional 
projections on the coordinate axes of the space E' of the 
indlcators, a s  well a s  in the form of all possible hvo-di- 
mensional sections. The Computing Center of the Academy 
of Sciences of the USSR has now implemented the firat 
version of a package of applied programs designed for 
colistructing and analyzir~g ordinary and generalizcd se t s  
of accessibility both in an autoniatic mode and in a dialobwe 
mode with representation of the projections and sections 
on the screen of a terminal unit and on an alphanumeric 
printer. 
T o  illustrate the approach described we consider 
somc results of all i~~vest i ra t ion of one regio~i irl a rnodel 
of the world econoniv. 'The clroriolny of the r e g i o ~ ~  was 
described with allo~vntlcc lor Ule extraction anrl cleansing 
of pollutnlrts. 011 the 1,nsis of n ~~~orl i f ica t ion of the worlrl- 
e r : o ~ i o n ~ ~ ~ n o t l e l  preset~tef l  in Ref. 9 atid plausil~le illlor- 
mation. 'The model had the lorn1 considererl i l l  Scc. 3. 
The follo!vir~g vector of i~~ t l i ca to r s  was chosen: I, is a 
sca l a r  r l~a rae te r i s t i c  of the c o ~ ~ ~ t r i i ~ p t i o n .  f 2  i s  a charac- 
terist ic of Llte c l e a n l i ~ ~ e s s  of the environment. I, i s  thc 
balance of loreign trade. The section of tile se l  Gf lor 
f3 = 0 is  depiclcd i r ~  Fig. 1. A typical feature is Llle pres- 
ence of a turrlitl(: point C on the Pareto curves ACU such 
Lhat on AC Ule growtli of colitlumption f ,  leads to insignlli- 
cant pollutio~~ of the envirorinlent. but afler Llle level C, a 
relatively slnall increase A ,  in the collsumptiorl Leads to 
a sharp increase l2 in the pollution. Tt18 exarl~plo dernon- 
strates in an explicit graphic form the ability of the pro-. 
posed approach to represent the limiting possibilities of 
the systems under study. 
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ON THE STRUCTURAL CHANGE OF THE 
RELATIONSHIP BETWEEN CONSUMPTION 
ANQ PRIMARY RESOURCES IN THE GDR 
ECONOMY 
U. Ludwig, M. Kraft, J. Behr 
The a r t i c l e  o u t l i n e s  t h e  s t r u c t u r a l  change o f  t h e  i n p u t  
of  l a b o u r ,  f i x e d  c a p i t a l  a n d  p r i m r y  energy  ccusec! by 
t h e  g rowth  of  p r i v a t e  und p u b l i c  consu~. lp t ion  i n  t h e  7 0 i e s .  
The s t a n d a r d  i n p u t - o u t p u t  rL!odel c o n p i l e d  wit11 e u p i r i c a l  
d a t a  i s  used t o  f i n d  o u t  t h e  i n t e r d e p e n d e n c e  o f  t h e  - ~ a r i o u e  
i n p u t s  and  t h e  growth of  consumption a c c o r d i n s  t o  i n d i v i d u a l  
needs .  The a r t i c l e  p r e e e c t s  sone  r e s u l t s  o b t a i n e d  by cor2- 
p a r i s o n s  of a c t u a l  i npu t -ou tpu t  t a b l e s  f r o x ~  1372 cnd 1977. 
1, I n t r o d u c t i o n  
2, Ana lys e s  of t h e  development of  s t r u c t u r e s  of  c o ~ s u t n p t i o n  
a s  w e l l  a s  of t h e  e n _ ~ l o ~ m e n t  o f  r e e o u r c e s  
2.1, aevelopment  o f  t h e  c onsunp t i on  a c c o r d i n 5  t o  c o t ? > l e ~ e s  
of  n e e d s  
2.2. Development o f  t h e  s t r u c t u r e  of  l a b o u r  ond f i x e d  c a p i t a l  
i n p u t  f o r  t h e  satisfaction of consu_r:ipt-ive n e e d s  
2.3, ilevelopment o f  t l ie  e n e r g y  coneurnption a c c o r d i n g  t o  
conp l exes  of  n e e d s  
3. Conclus ion 
1. i n t r o d u c t i o n  
The n a t i o n a l  econorq of t h e  G3X y e a r  by g e a r  s u p p l i e s  t h e  
popula t ion  w i t h  a growing vo l ime  of comLodi t i ea  t h a t  s e r v e  t h e  
i n c r e a s i n g  s a t i s f a c t i o n  of p r i v a t e  and p u b l i c  needs. T h i s  i s  a 
b a a i c  f e a t u r e  of t h e  u n i t y  be t~veen  s o c i a l i s t  econoc~ic  and s o c i a l  
p o l i c y  i n  t h e  GZR. 
The d i v i s i o n  of l a b o u ,  s p e c i a l i z a t i o n  and coope re t i on  i n  t h e  
course  of t h e  h i s t o q  of s o c i a l  p roduc t ion  t o g e t h e r  with i t a  
i n d u s t r i a l i z e t i o n  have r e s u l t e d  i n  a  g e n e r a l  s t a g e  of development 
where betmeen t h e  e x t r a c t i o n  o l  raw r a t e r i a l , ?  and t h e  ~7anufac tu-  
r i n g  of f i c a l  p r o d u c t s  a h i c h  a r e  t h e  d i r e c t  o b j e c t  f o r  t h e  
s a t i ~ f a c t i o n  of  p r i v a t e  and p u b l i c  needs ,  t h e r e  a r e  c o n t i n u a l l y  
e n e r z i n g  more med ia t i ng  l i n k s .  Thus on ly  p a r t  of  a l l  produced 
goods and  s e r v i c e s  i s  i nc luded  i n  t h e  f i n a l  consumption mhereas 
t h e i r  m a j o r i t y  i a  used f o r  p roduc t ive  purposee.  The l i n k  be tneen  
t h e  p roduc t ion  of ~ o o d s  and t h e  s a t i s f a c t i o n  of needs  becones 
more and more c o c p l i c a t e ,  I n v e s t i ~ a t i n g  t h i s  r e l a t i o n s h i p  i n  
t h e  l n i g h l ; ~  developed codern  n a t i o n a l  economies r e q u i r e s  t h e  
a p p l i c a t i o n  of c e r t a i n  ~ a t h e n a t i c a l  t e chn iques ,  by means of 
which t h e  in te rdependence  between t k e  e x t r e z e  n o ~ e n t s  of  each 
r ep roduc t ion  p roces s  of t h e  n a t i o n a l  econonr,  i .e .  between t h e  
s t a g e  of  p roduc t ion  and t h e  e t age  of conaumption, can be  repre -  
s en t ed  i n  q u a n t i t a t i v e  terr ls .  Xa t iona l  i n p ~ ~ t - o u t p u t  t a b l e s  a r e  
w e l l  s u i t e d  f o r  t h i s  puzpose, s i n c e  t h e g  r e v e a l  t 3 e  r e l a t i o n s h i p  
betneen s o c i a l  p roduc t ion  and f i n a l  d e m n d  n o t  on lg  i n  t e r n s  of 
volume bu t  a l s o  i n  s t r u c t u r a l  t e r u s .  
With t h e  a i d  of n a t i o n a l  input-output  t a b l e s  can be c a l c u l a t e d ,  
mliether t h e  g o a l s  of f i n a l  devand s e t  up i n  l o n g  range  prograi ls  
of s o c i a l  and econonic  deve1op:~ent can be .let z a t e r i s l l y  by +;be 
f-1 n a t i o n a l  econoay. ~ n i e  t e n 1  t a t a s k  f a c e d  3;: t h e  p l ezn ing  
a u x h o r i t i e s  on ly  bu t  e l s o  a cha l l enge  t o  f un2ai:lental ecoromic 
r e sea rch .  Discard ing  t h e  ntxilerous i zed ia t ing  l i n k s  concerning 
t h e  p roduc t ion  of c o x c o d i t i e s  f o r  t h e  f i n a l  uEe, t h e i r  suppl2r 
b o i l s  d o m  t o  t h e  p r o p o r t i o n a t e  a l l o c e t i o n  of t h e  e n t i r e  s o c i a l  
l a b o u r  t o  s e c t o r s ,  b r acches  and s t a g e s  of t h e  r ep roduc t ion  
p roces s  of tl ie n a t i o n a l  e.ccr,oi?.y a s  w e l l  a s  t o  t h e i r  e f r i c i e n t  
u t i l i z a t i o n ,  Input-output  z o d e l s  a r e  e u i t z S l e  t o  i n v e s t i g a t e  
t h i s  probleu  t o o ,  s l lovi tng t o  deduce c o n c l u ~ i o r s  o r i g i n e t i n z  
a t  t h e  g iven  l e v e l  of t e c h n o l o e i c a l  and o r z a ~ i z e t i o n a l  develop~ilent 
of t h e  n o t i o n a l  econony f rom t h e  volume and t h e  s t r u c t u r e  of 
f i n a l  demand and r e s u l t i n g  i n  t h e  a l l o c a t i o n  of e n t i r e  s o c i a l  
l a b o u r  i n  t h e  f o r n  of p r i n a r y  r e sou rce s .  S i n u l t a n o u s l y ,  by t h i s  
a s t e p  can be  don,e t o  reduce  t h e  a n a l y s i s  of t h e  develop~nent  
of market r e l a t i o n s  n e c e s s i t a t e d  i n  t h e  framework of p r i v a t e  
consunlption t o  i t s  u n d e r l i e i n g . e s s e n c e ,  i.e, t o  t h e  r e a l l o c a t i o n  
of t h e  e n t i r e  s o c i a l  l a b o u r  acco rd ing  t o  t h e  shifts of needs.  
Sub j ec t  of t h i s  paper  i s  t h e  p r e s e n t a t i o n  and a n a l y s i s  of t h e  
r e l a t i o n s h i p  be tv~een  t h e  consumption and t h e  i n p u t  of l a b o u r ,  
f i x e d  c a p i t a l  a s  w e l l  a s  of p r i n a q  energy r e a o u r c e s ,  c a l c u l a t e d  
on t h e  ba se  of  two a c t u a l  input-oukput t a b l e s  of th.e GDX econony 
from t h e  7Oies. The paper  p r e s e n t s  r e s u l t s  of s i m i l a r  r e s e a r c h  
e f f o r t s  con t inued  froci  f o r ~ e r  years .  1  
2. Analvses  of t h e  d e v e l o p t ~ e n t  of e t r u c t u r e s  of consunpt  i o n  
a s  w e l l  a s  of t h e  erlploynent of yeoources  
2.1. Development of t h e  consumption a c c o r d i n g  t o  cor~iplexes 
of needs  
Depending on t h e  d e t a i l e d  c h a r a c t e r  of an  i n v e s t i g a t i o n  of t h e  
mentioned i n t e r r e l a t i o n  and  on i t s  hor i zon  i n  t i rce,  I - t  i s  
a p p r o p r i a t e  t o  d i s t i n s u i s h  d i f f e r e n t  l e v e l s  of a b s t r a c t i o n  . 
I n  i n v e s t i g a t i o n s  f o r  t h e  shor t - range  p l ann ing  of t h e  n a t i o n a l  
econony, G r e l a t i v e l y  g r e a t  degree  of s p e c i f i c a t i o n  i s  necessa ry .  
Thus a l s o  t h e  f i rs t  c a l c u l a t i o n  a s  a  s t a r t i n g  p o i n t  f o r  t h e  
annua l  p l a n  of t h e  GDR i s  performed by means of a  s t e t i c  i npu t -  
ou tpu t  model of about  600 i t e m a O 2  Fo r  t h e  long-range p l ann ing ,  
on t h e  c o n t r a r y ,  i n v e s t i g a t i o ~ s  with a  l e s s e r  number of e t r o n g e r  
agg reca t ed  g o s i t i o n s  p rov ide  ixore i n d i c a t i o n s .  To t h i s  end,  
i n  t h e  GDZ, inpu t -ou tpu t  models of a ~ e d i u n  eg,oresat ion l e v e l  
with  about  jO i t e m s  a r e  s u g g e s t i n g  t h e n ~ e l v e a .  
Sonething.  s i m i l a r  a p p l i e s  t o  t h e  f i n a l  use. 
A number go ing  i n t o  t h e  thousands  of d i f f e r e n t  s e r v i c e s  and 
roods  a r e  consumed, T h e i r  conb ina t i on  i n t o  honogeneous e n t i t i e s  U 
r ~ h i c l i  a r e  c a l l e d  complexes of needs  i s  advoca ted  by t h e  f a c t  
t h a t  a c c o r d i n g  t o  our  e x p e r i e n c e ,  t h e r e  a r e  c e r t a i n  dependenc ies  
between t h e  s a t i s f a c t i o n  of v a r i o u s  needs  ( a c ~ o r ~ ~ o d a t i o n  and 
f u r n i t u r e ,  n o t o r  c a r s  and f u e l  ... ), B e ~ i d e s ,  i t  h a s  been 
proved by consuxpt ion r e s e a r c h  t h a t  ~ a j o r  a g g r e g a t e s  of needs  
a r e  more c o r r e l a t e d  w i t h  such economic v a r i a b l e s  a s  t h e  n a t i o n a l  
incosne, A d d i t i o n a l l y ,  t h e  fo rcmt ion  of complexes of needs  which 
a r e  r e l a t i v e l y  independent  of each  o t h e r ,  p rov ides  t h e  poes ib i -  
l i t y  t o  d e f i n e  a d d i t i v e  u t i l i t y  f u n c t i o n s  which correspond w e l l  
w i t h  t h e  s t a r t i n g  p o i n t  of t h e  l i n e a r  equa t ion  of t h e  s t a t i c  
input-output  model. 3 
I n  t h e  c o n c r e t e  fo rma t ion  of such conplexes  of needa,  i t  i s  
neces sa ry  t o  t a k e  i n t o  account  a  s e r i e s  of  o t h e r  cond i t i ons .  
Thus, f o r  i n s t a n c e ,  t h e  ho r i zon  i n  t ime of t h e  i n v e s t i & o t i o n ,  
t h e  degree  of homoeeneity of t h e  aggrega ted  goods and a e r v i c e a ,  
t h e  uniqueness of t h e  a t t r i b u t i o n  of gooda and s e r v i c e s  t o  needs ,  
t h e  o r g a n i z a t i o n a l  structure of t h e  econony, t h e  manner of t h e  
a c q u i s i t i o n  and of t h e  p roces s ing  of s t a t i s t i c a l  d a t a ,  a s  w e l l  
a s  o t h e r  f a c t o r s  a r e  p l a y i n g  a major r o l e  i n  t h i s  r e s p e c t .  
Each o r d e r i n g  of t h e  goods and s e r v i c e s  acco rd ing  t o  c o ~ p l e x e a  
of needs  i s  t h e r e f o r e  up t o  a c e r t a i n  degree  a comproniae so lu -  
t i o n  between t h e  aim of t h e  a n a l y a i a  and t h e  a v a i l a b l e  s t a t i s t i c s  
Here, we a r e  p roceed ing  f rom t h e  f o l l o w i n g  conplexes  of needs:  4 
1- n u t r i t i o n  
2- c l o t h i n g  
3- a c c o m o d a t i o n  
4- h e a l t h  c a r e  
5- edrnation/culture/recreation 
6- c o m u n i c a t i o n / i n f o m a t i o n  
7- t r a n s p o r t  
8- g e n e r a l  p u b l i c  needs  
These conplexes  of needa a r e  easy t o  purvey and t h e y  develop 
i n  a  r e l a t i v e l y  independent  canner .  From them, i t  is  p o s s i b l e  
t o  b e t t e r  i n v e s t i g a t e  and gu ide  bg pu rpose fu l  neaaures  c e r t a i n  
c o n t i n u a l  changes of t h e  s t r u c t u r e s  of needs  and of c o n s ~ m p t i o n  
h a b i t s ,  t han  t h i s  would be p o s s i b l e ,  i f  i n d i v i d u a l  p roduc t s  a r e  
neasured  i n  i s o l a t i o n  from each o t h e r ,  The d e f i n i t i o n  of t h e  
concep t ions  f o r  development and t h e  s u b s t a n t i a t i o n  of p r i o r i t i e a  
o r  r a n k i n g  s c a l e s  i n  t h e  s a t i s f a c t i o n  of needa f o r  l o n g e r  p e r i o d s  
of t i c e  a r e  f a c i l i t a t e d  i n  t h i s  canner ,  
Proceeding from t h e  b a s i c  equa t ion  of t h e  s t anda rd  s t a t i c  
inpu t -ou tpu t  t a b l e  
a t  f i rs t ,  t h e  i n d i v i d u a l  conponects  of t h e  conslulption v e c t o r  
a r e  a t t r i b u t e d  t o  t h e  S conplexea of needs. For  t h i s  end, on 
t h e  b a s i s  of va r ious  s t a t i s t i c a l  documents, i t  i s  e s t i ~ a t e d ,  
which goods o r  s e r v i c e s  mst be a t t r i b u t e d  t o  which degree t o  
t h e  i n d i v i d u a l  cornplexea of needs, 5 
V/e use t h e  fo l lowing des ignat ions :  
A - in ter - indus tmj  c o e f f i c i e n t  mat r ix  
X - column v e c t o r  of t h e  groaa domestic output 
Y - c o l m  v e c t o r  of t h e  f i n a l  demand 
cD - v e c t o r  of consunption expressed aa a diagonal  mat r ix  
. IT - matr ix  of t h e  d i s t r i b u t i o n  of t h e  goods and ae rv ices  
of t h e  economic s e c t o r s  f o r  t h e  consumptive f i n a l  demand 
according t o  t h e  complexes of needa 
B ( ~ )  - colunn v e c t o r  of thoae goods and aerv icea  from mat r ix  3 
which c o n s t i t u t e  t h e  complex of needa k 
Z - br idge  mat r ix  t r ane fo rn ing  t h e  nomenclature of goods and 
s e r v i c e s  by aec$ora i n t o  t h e  nomenclature by complexea 
of needs, 
The d i s t r i b u t i o n  of t h e  i n d i v i d u a l  goods and s e r v i c e s  of t h e  
consumption according t o  t h e  conplexes of needs i a  c a l c u l a t e d  
then from t h e  equat ion;  
N = cDz ( 2 )  
In  t h e  i n v e s t i g a t i o n ,  we here  proceed from time-independent, 
constant  elements of t h e  matr ix  Z, 
Table 1 conveys an impreasion of t h e  dynamism of growhh and 
of t h e  structural development of those consumer gooda and 
s e r v i c e s  which were provided i n  1972 and 1977 f o r  t h e  i n d i v i d u a l  
conplexes of needs of consumption. These changes a r e  i n  accor- 
dance mith r e g u l a r i t i e s  i n  t h e  upward development of' needs, 
Thus wi th  regard  t o  t h e  dynamism of growth, i t  i a  poeaib le  t o  
s t a t e  a more than average development i n  t h e  provis ion of such 
consumer goods and s e r v i c e s  which serve  t o  s a t i s f y  t h e  conplexes 
of needs of t r a n s p o r t ,  genera l  pub l i c  needs, h e a l t h  ca re ,  a s  
wel l  a e of education/culture,. 'recrea t ion,  There has  been an 
average development i n  t h e  provis ion of consumer goods and s e r -  
v i c e s  f o r  t h e  conplexes of needa of accomodat ion and co~muni-  
ca t ion/ infornat ion ,  However, i n  t h i s  r e s p e c t ,  i t  i s  necessary 
t o  bear  i n  mind t h a t  t h e  i n d i c a t i o n s  about accomodat ion do not  
i nc lude  t h e  f i n a l  product  f o r  r e s i d e n t i a l  c o n s t r u c t i o n  and f o r  t h e  
n iodern iza t io~l  of housing mhich belongs t o  t h e  inves-tnerits. There 
has  been a  below than  average  r i s e  i n  t h e  p rov ia ion  of consumer 
goods and a e r v i c e a  f o r  t h e  complexes of needs  of n u t r i t i o n  and 
c lo th ing .  
I n  t h i s  nanner ,  i n  t h e  a e v e n t i e s ,  i n  t h e  GDR a r e g u l a r i t y  has  
been strengthened which could be  observed w i t h i n  former p e r i o d s  
of t i n e ,  acco rd ing  t o  which i n  t h e  e n t i r e  s t r u c t u r e  of t h e  f i n a l  
consumption t h e  r e l a t i v e  s h a r e  of t h o s e  needs  which' can be  c a l l e d  
primary,  e lementary o r  b a s i c  needs  i n  a c e r t a i n  s ense ,  i n  t h e  
e n t i r e  needs ,  acco rd ing  t o  t h e i r  li&t of s a t u r a t i o n  r e n e i n s  
r a t h e r  cons t an t  o r  i s  even decreased.  I n  t h e  o t h e r  complexes 
of needs  which can be  c a l l e d  i n  t h e  same l i n i t e d  sense  a s  secon- 
dary ,  r a i s e d  o r  l uxu ry  needs  and which a r e  n o r e  d e r i v e d  from t h e  
s o c i a l  development of  ?<an and of t h e  s o c i a l  i n s t i t u t i o n s ,  an  
opposed tendency i s  i n p o s i n c  i t s e l f .  This s t r u c t u r a l  s h i f t  between 
primary and secondary needs  can be a t t r i b u t e d  above a l l  t o  a  
r e l a t i v e  d e c l i n e  i n  t h e  i n c r e a s e  of t h o s e  goods and s e r v i c e s  
which can be inc luded  i n t o  t h e  conplex of needa of n u t r i t i o n ,  
Table 1  
S t r u c t u r e  and g r o w t h  of t h e  f i n a l  denand f o r  consuption 
i n  t h e  GI)Z from 1972 t o  1977 acco rd ing  t o  complexes of need 
Complex o f  needs S t r u c t u r e  of hverage annua l  
consunption growth r a t e  
i n  5 . (-7 J 
1372 1977 
N u t r i t i o n  
C l  o  t l i ing 
Rccopodation 1 
P r i r m q  needs  75,5 
Hea l th  c a r e i  4 ,7  
r e c r e a t i o n  3 2  
Corn-uni ca t i o n /  
i n f  orna t i o n  
Transpor t  
General p u b l i c  
needs  
Secondary needs  24,5 28,9 8 ~ 8  
-- - - - 
Consumption t o t a l  100,O 100,O 5 9 2 
' n i t hou t  t h e  non-productive inves tments  i n  r e s i d e n t i a l  
c o n s t r u c t i o n ,  t h e  h e a l t h  s e r v i c e  and t h e  educa t ion  system 
Source: C a l c u l a t i o n s  of t h e  Cen t r a l  I n s t i t u t e  f o r  Scononic 
Sc iences  
2 , 2 ,  Developaent of t h e  s t r u c t u r e  of l a b o u r  and f i x e d  c a p i t a l  
i n p u t  f o r  t h e  e a t i s f a c t i o n  of consunpt ive  needs  
The subd iv i e ion  of t h e  f i n a l  demand acco rd ing  t o  conplexee of 
needs  s e r v e s  t h e  aim of nak ing  a c c e s s i b l e  t o  s c i e n t i f i c  a n a l g s i e  
t h e  e x t e n t  and p r o p o r t i o n a l i t y  of t h e  d i s t r i b u t i o n  of e n t i r e  
e o c i a l  l a b o u r  acco rd iog  t o  t h e  i n d i v i d u a l  complexes of needa 
and t h e  changes o c c u r r i n g  i n  t h i s  process .  Within t h e  framework 
of t h e  s t a n d a r d  input -ou tpu t  model, such a  p o s s i b i l i t y  e x i s t s  
above a l l  on t h e  l e v e l  of c a l c u l a t i n g  t h e  t o t a l  i n p u t  of l a b o u r  
f o r c e  and of f i x e d  c a p i t o l ,  
For  a l l  conplexea of needa of conaumption t h e r e  a p p l i e s :  
Here, t h e  f o l l o w i n g  dea igna t iona  a r e  used:  
LD - v e c t o r  of l a b o u r  c o e f f i c i e n t s  p e r  u n i t  of  g r o s s  
domest ic  ou tpu t  by s e c t o r s ,  expressed  a s  a d i agona l  
m a t r i x ,  
cD - v e c t o r  of  c a p i t a l  c o e f f i c i e n t s  p e r  u n i t  of g r o s s  
d o n e s t i c  product  by s e c t o r s ,  expressed  aa a  d i a g o n a l  
m a t r i x ,  
L(") 
- v e c t o r  of  t o t a l  l a b o u r  i n p u t  of t h e  s e c t o r s  f o r  
t h e  coniplex of needa k,  
G ( ~ )  
- v e c t o r  of t o t a l  f i x e d  c a p i t a l  i n p u t  of t h e  s e c t o r s  
f o r  t h e  conplex of needs  k ,  
S ( k )  
- v e c t o r  of t o t a l  ~ r o s s  d o n e s t i c  ou tpu t  of t h e  e e c t o r s  
f o r  t h e  complex of needa k, 
(k) .r(k) = ( k )  and Af t e r  t h e s e  c a l c u l a t i o n s ,  each  v e c t o r  N , a , 
G ( ~ )  i s  f u r t h e r  summarized by t h e  a d d i t i o n  of i t s  conponents. 
From an i n v e s t i g a t i o n  of t h e  l i n k i n g  of l a b o u r  f o r c e  and of 
f i x e d  c a p i t a l  f o r  con~ur !p t ion  it  i s  aholvm t h a t  t h e  e f f ic ienczr  
of s o c i a l  p roduc t ion  i n  t h e  eeven t i ea  ~ 7 a s  i n c r e a s e d  above a l l  
v i a  r e l a t i v e  s a v i n s s  of l i v e  l abour ,  The growth of consmlption 
from 1972 t o  1977 by a lmost  30 p e r  cen t  mas ob t a ined  wi thou t  
any s u b s t ~ n t i a l  change of t h e  nunber of l a b o u r  f o r c e ,  Hence, t h e  
i n c r e a s e  i n  t h e  f i n a l  product  f o r  c o n s u p t i o n  was e n t i r e l y  based 
upon t h e  r i s e  i n  t h e  p r o d u c t i v i t y  of l a b o u r  i n  t h e  t ime  under 
r e v i  evr , 
A comparison of t h e  l i n k i n g  of t h e  l a b o ~ m  f o r c e  t o  t h e  i n d i v i d u a l  
complexes of needa r e v e a l s  cons ide rab le  d i f f e r e n c e s ,  If one d i s -  
ca rds  problems connected with t h e  a c q u i s i t i o n ,  e v a l u a t i o n  and 
agg rega t ion  of d a t a ,  then  they  r e s u l t  from t h e  v a r i o u s  cond i t i ona  
i n  which t h e  i n d i v i d u a l  p roduc t s  a r e  manufactured, I n  1972, i n  
t h e  n a t i o n a l  economy of t h e  GDR, 48 persons  of t h e  l a b o u r  f o r c e  
were engaged i n  p rov id ing  t o  t h e  popula t ion  goods and s e r v i c e s  
worth  one m i l l i o n  marks f o r  n u t r i t i o n ,  The l e v e l  of  l a b o u r  pro- 
duc t i -v i ty  expressed  i n  t h i s  number haa inc reaaed  by 1977 i n  t h e  
corre,sponding produc t ion  and proceas ing  l i n e s .  I n  1977, about  
43 working people  were needed f o r  t h i s  purpose. Glhile t h e  t o t a l  
i n p u t  of l a b o u r  f o r  1 m i l l i o n  marks morth of  goods f o r  n u t r i t i o n  
was i n  1972 below t h e  t hen  average  l e v e l  of  l a b o u r  p r o d u c t i v i t y  
f o r  t h e  produc t ion  of c o n s u e r  goods i n  g e n e r a l ,  t h i s  i n p u t  r o s e  
i n  1977 above t h i s  ave rage ,  however, Thia i s  connected with  t h e  
f a c t  that  t h e  p r o d u c t i v i t y  of l abour  f o r  t h e  s a t i s f a c t i o n  of t h e  
o t h e r  complexes of needa has  i nc reaaed  s u b s t a n t i a l l y  f a s t e r ,  
The r e l a t i v e  low i n c r e a s e  i n  t h e  p r o d u c t i v i t y  of l a b o u r  a l o n g  
t h e  produc t ion  and p roces s ing  l i n e s  f o r  t h e  s a t i s f a c t i o n  of t h e  
need of n u t r i t i o n  fu r the r r i~o re  e n t a i l e d  t h e  f a c t  t h a t  t h e  l e v e l  
o f  l a b o u r  p r o d u c t i v i t y  which waa above t h e  average  i n  1972 i n  
t h e  s a t i s f a c t i o n  of t h e  p r i m p 3  needs h a s  f a l l e n  be lon  t h e  average  
i n  1977, The s a t i s f a c t i o n  of t h e  secondary needs took p l a c e  i n  
1977 on a I l igher l e v e l  of product ivi t ; -  than  was t h e  case  f o r  t h e  
primary r e e d s ,  
TJe had a  s i n i l a r  d i f f e r e n t i a t e d  developxent i n  t h e  f i e l d  of 
f i x e d  c a p i t a l ,  'hereas t h e  s a t i s f a c t i o n  of t h e  p r i r ~ a r j  needs 
r e q u i r e d  y e a r  bg y e a r  1 , 7  p e r  cen t  no re  f i x e d  c a p i t a l  p e r  
1 n i l l i o n  marka morth of goods and s e r v i c e s  f o r  consumption, i n  
t h e  case  of secondary needs a r e l a t i v e  r e l e a s e  of c a p i t a l  can 
be oo ted ,  
T i e  i n p u t  of f i x e d  c a p i t a l  f o r  c o n s m p t i o n  increnaed  from 1972 
t o  1977 i n  a b s o l u t e  ahd r e l a t i v  terms. The correspondent  dec rease  
of t h e  ou tpu t  c a p i t a l  r a t i o  based above a l l  on i t s  d e c l i n e  i n  
t h e  framework of s a t i s f y i n g  t h e  need of n u t r i t i o n .  This tendency 
cou ldn ' t  be r a d e  up f o r  no r  by t h e  growing ou tpu t  c e p i t a l  r a t i o  
i n  t h e  f rarilework of s a t i s f y i n g  t h e  most expanding conplex of 
needs  of t r a n s p o r t  no r  by t h e  growing o r  r e m i n i n g  c o n s t a n t l y  
ou tpu t  c a p i t a l  r a t i o  i n  t h e  framework of s a t i s f y i n g  t h e  o t h e r  
complexes of needs. 
Table 2 g i v e s  a  s w a r i z i n g  survey of t h e  e f f e c t s  due t o  t h e  
d i f f e r e n t i a t e d  growth bo th  on t h e  s i d e  of l a b o u r  p r o d u c t i v i t y  
and of t h e  ou tpu t  c a p i t a l  r a t i o ,  s a d  on t h e  s i d e  of consumption, 
e f f e c t s  which a f f e c t e d  t h e  s t r u c t u r e  of t h e  i n p u t  of  f i x e d  
c a p i t a l  and of l abour .  From t h e  d i f f e r e n t  d p a ~ z i s m  of s t r u c t u r a l  
changes i n  goods and a e r v i c e s  f o r  consumption on t h e  one hand and 
i n  t h e  t o t a l  i n p u t  of l a b o u r  and of f i x e d  c a p i t a l  which i s  
necessary  f a r  t h i s  purpose on t h e  o t h e r ,  w i t h i n  t h e  same p e r i o d  
of t ime t h e r e  h a s  t aken  p l a c e  a  r e a l l o c a t i o n  of t h e  e n t i r e  s o c i a l  
l a b o u r  over  t h e  i n d i v i d u a l  complexea of. needs. This was connectec 
with a  c e r t a i n  change i n  t h e  employment of resources .  If f o r  t h e  
s a t i s f a c t i o n  of  t h e  primary needs i n  1972 a t i l l  about 75 p e r  
cen t  of t h e  l a b o u r  f o r c e s  and 71 p e r  cen t  of t h e  f i x e d  c a p i t a l  
s t o c k s  were engaged i n  t h e  f Feld of p roduc t ion  f o r  coneuript i o n ,  
t hen  i n  1977, it  maa s t i l l  73  p e r  cen t  of t h e  l a b o u r  f o r c e  
and 69 p e r  cen t  of t h e  f i x e d  c a p i t a l .  I n  1977 i n  comparison 
- v i t h  1972, a h i g h e r  s h a r e  of t h e  e n t i r e  s o c i a l  l a b o u r  c o u l d '  
be a l l o c a t e d  t o  t hose  complexes of needs which a r e  no t  elerien- 
t e q  v i t a l  needs  any l o n g e r ,  
Teble 2 
S t r u c t u r e  of t h e  t o t a l  l abour  and f i x e d  c a p i t a l  
i n p u t  f o r  consumption i n  t h e  GilR acco rd ing  t o  
cozlplexes of needa i n  
Corplex 
of needs  Labour f i x e d  c a p i t a l  
t 972 1977 _ 1972 1977 
N u t r i t i o n  
Clothing 
Accomodation 
Primary needs  
Hea l th  c a r e  
Educa t ion /cu l tu re /  
r e c r e a t i o n  
Transpor t  
General p u b l i c  needs  
f Secondary needs  25,1 27,2 29 2 30,9 
Consumption t o t a l  tO0,O 100,O 100,O 100,O 
Source: C s l c u l a t i o n s  of t h e  C e n t r a l  I n s t i t u t e  f o r  Zconomic 
Sc iences  
2.3. Development of t h e  e n e r a  c o n e m p t i o n  acco rd ing  t o  
complexes of needs  
The a l l o c a t i o n  of t h e  e n t i r e  s o c i a l  l a b o u r  i s  o r i e n t e d  no t  o n l y  
accord ing  t o  t h e  e x t e n t  and s t r u c t u r e  of t h e  needs  t o  be s a t i a -  
f i e d ,  a s  w e l l  a s  accord ing  t o  t h e  s t a t e  of t e c h n o l o g i c a l  and 
o r g a n i z a t i o n a l  development of product  i o n ,  bu t  a l s o  depends on 
t h e  t y p e  and amount of t h e  a v a i l a b l e  raw n a t e r i a l s  and energy 
c a r r i e r s .  The s c a r c i t y  i n  some f o s s i l e  energy c a r r i e r s  l e d  t o  
s t r u c t u r a l  changes a l s o  i n  t h e  GDR's  econonly i n  t h e  second h a l f  
of t h e  s e v e n t i e s .  I n  o r d e r  t o  ~ a k e  t h i s  development anenable  
t o  a  s c i e n t i f i c  a n a l y s i s ,  t h e  i n t e r r e l a t i o n  between consw-?tion 
acco rd ing  t o  complexes of needs  and t o  t h e  primary energy con- 
a m p t i o n  i s  i n v e s t i g a t e d  i n g r e a t e r  d e t a i l .  
The a n a l y s i s  of t h e  consumption of p r i m a q  energy by neans  of 
an input-output  t a b l e  of a n e d i m  l e v e l  of  agg rega t ion  i s  made 
more complicate  owi'ng t o  t h e  f a c t ,  thiit t h e  cons~unpt ion o f '  
s p e c i f i c  energy  c a r r i e r s  i s  n o t  expressed  a s  t h e  u t i l i z a t i o n  of 
any primary r e s o u r c e  b u t  i s  conta ined  i n  t h e  i n t e r m e d i a t e  con- 
.sur;lption w i t h i n  t h e  first quadrant  of t h e  t a b l e .  EIence, acco rd ing  
t o  t h e  b a s i c  equa t ions  of t h e  input-output  t a b l e  t h e  supply of 
primary energy c a r r i e r s  r e p r e s e n t e d  a s  t h e  ou tpu t  of i n d i v i d u a l  
s e c t o r s  of t h e  economy l a s t l y  appea r s  t o  be l i m i t e d  only  by t h e  
a v a i l a b i l i t y  of l a b o u r  and f i x e d  c a p i t a l ,  Due t o  t h i s  d i f f e r e n t  
a c q u i s i t i o n  of da t a  t h e  t o t a l  i n p u t  of p r i r ~ a ~ ;  e n e r a  c a r r i e r s  
f o r  consumption cannot be c a l c u l a t e d  s i c l i l a r i l y  t o  t h e  t o t a l  
i n p u t  of l a b o u r  and f i x e d  c a p i t a l .  
By a  d i sagg rega t ion  of t h o s e  branches  i n  which priclary ene ra7  
c a r r i e r s  a r e  s u p p l i e d ,  i t  i s  poea ib l e ,  however, t o  detem-tne t h e  
t o t a l  i n p u t  of p r i m r j  energy c a r r i e r s  i n  t e r n 2  of g r o s s  ou tpu t  
f o r  t h e  s a t i s f a c t i o n  of t h e  i n d i v i d u a l  conplexes  of needs. 
This  c h a r a c t e r i s t i c  c o n t a i n s  d w b l e  c o u n t i n ~ s ,  b u t  n e ~ e r t h e l e a s ,  
t h e  s p e c i a l  s t r u c t u r e  of t h e  i n p u t  c o e f f i c i e n t s  of t h e  branches  
supply ing  p r i n a r y  e n e r a  a l l ows  t o  use  t h o t  t o t a l  i n p u t  c o e f f i c i e c  
of primarg energy c a r r i e r s  i n  terms of g r o s s  ou tpu t  a s  a good 
approxina t ion  f o r  t h e  t o t a l  i n p u t  acco rd ing  t o  t h e  va lue  of t h e  
p r i m r y  e n e r a .  
Tlie fo l lowing  d e s i g n a t i o n s  a r e  used:  
. 
N 
A - augmented i n t e r - i n d u s t r y  c o e f f i c i e n t  m t r i x  which i s  
forned  by s e p a r a t i n g  t h e  branches of p r ina ry  e n e r a  
from n a t r i x  
! - n a t r i x  of aggregat ion c o e f f i c i e n t s  which a m n a r i z e s  t h e  
c o l w a s  of I -  i n t o  nomenclature of A ,  
H - matr ix  by which a l l  c o e f f i c i e n t s  which a r e  not  r e l a t e d  
t o  primary e n e r E  a r e  el iminated from an i n i t i a l  nratrix, 
ES - z a t r i x  of t h e  t o t a l  inpu t  c o e f f i c i e n t s  of a l l  t h e  s e c t o r s  
supplying p r i m r y  energy 
- m t r i x  of t h e  t o t a l  inpu t  of pr inary  energr  according 
t a  cooplexes of needs, 
Then t h e  fo l lowing equat iona apply: 
The sun of t h e  rows of EIT g ives  t h e  t o t a l  inpu t  of primary 
energy i n  terns of g ross  output according t o  conplexee of needs, 
The i n v e s t i g a t i o n  revealed  t h a t  i n  1977, a s  expected, t h e  
u t i l i z a t i o n  of p r i n a ~ j  e n e r a  c o r r i e ~ a  v a r i e s  according t o  
conlplexea of needs. 
I n  genera l ,  i t  was ~ e v e a l e d  t h a t  t h e  s a t i s f a c t i o n  of t h e  
secondary needs a s  compared wi th  t h e  s a t i s f a c t i o n  of t h e  
p r i m a q  neede requi red  t h e  1,7-fold an& of the  t o t a l  inpu t  
02 pr inary  energy. The s t r u c t u r a l  change of coneumptf on toaarda 
t h e  secondary needs $herefore  a g ~ r a v a t e s  t h e  t ense  s i t u a t i o n  
of t h e  primary ener,y balances,  
3. Conclusion 
The nafn r e s u l t  of t h e  i n v e s t i g a t i o n  i s  t h e  trade-off revealed  
i n  t h e  use of d i f f e r e n t  p r i ~ a q  resources  acc,ording t o  the  
s a t i s f a c t i o n  of p r i r ~ a q r  and secondary needs. Yhile t h e  a l l o c n t i o ~  
and u t i l i z a t i o n  of t h e  e n t i r e  s o c i a l  labour  i n  t h e  f o m  of 
evplo2:ees and of f i x e d  c a p i t a l  t o  t h e  e a t i e f a c t i o n  of p r i n s q r  
and s e c o n d a r ~  needs s a e  more o r  l e s s  i n  l i n e  wi th  t h e  s t r u c t u r e  
o f  t h e  conetuzer goods and e e ~ r v i c e s  i n  1977, i t  was c l e a r l y  
d i s t i n c t  f rom i t  w i t h  r e c a r d  t o  t h e  u t i l i z a t i o n  of primary 
energy. Favourable r e s u l t s  a r e  d i sp l ayed  above a l l  by t h e  c o ~ l p l e x  
of needs of n u t r i t i o n  which c l a i n s  i n  coriiparisor- w i t h  t h e  g r e a t  
e n t i r e  sha re  i n  t h e  consw-ption of 42,7 p e r  c e n t  on lg  about 
20 p e r  cen t  of t h e  u t i l i z a t i o n  of p r i n e r y  energy. 
Xence, c o n c l u d i n ~  any r e a l l o c a t i o n  of p roduc t ion  i n  f avour  of 
t h e  s a t i s f a c t i o n  of primary needs ,  however, caanot  be  j u s t i f i e d .  
Rather  t h e s e  r e s u l t s  p o i n t  o u t ,  where new enerey-saving teclmo- 
l o g i e s  must be developed and used most u r g e n t l y  f rom t h e  view- 
p o i n t  of t h e  s a t i s f a c t i o n  of consu :p t ive  needs. 
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In PlanungsprozeD , ni7iirtschaftswissenschaft I t ,  3/1978, 
PO 283-295. 
See' H.S. Houthakker, Addit ive Preferences ,  n E c o n o n e t r i c o ~ ,  
1960, p* 244. 
See a l e o  H. Piold/L. Jureen,  Demand l ~ n a l g e i s  - A Study i n  
Econoaetrice,  Bew York 1953, p. 20, 226. 
I n  c o n t r a s t  w i t h  t h e  aystem of n a t i o n a l  accounts (BITA) i n  
t h i s  paper t h e  a t t r i b u t i o n  of conmodities t o  corzplexes of 
needs i s  b u i l t  upon t h e  f low of t h e  eo-called n a t e r i a l  
products and s e r v i c e s  (EFS) going t o  t h e  housholds and t o  
t h e  g o v e r n ~ e n t .  Hardly t h e r e  a r i s e s  any d i f f i c u l t y  of under- 
s tanding,  i n  p r i n c i p l e ,  if  t h e  s a t i s f a c t i o n  of p r i v a t e  needs 
i s  coneidered such a s  n u t r i t i o n ,  c lo th ing ,  accomodat ion ,  
t r anspor t  and com~unica t ion .  But t h i s  nay happen, i f  such 
neede a s  h e a l t h  ca re ,  educat ion,  c u l t u r e  and genera l  pub l i c  
needs a r e  considered which a r e  s a t i s f i e d  t o  a h i &  degree 
co l l ec t ive ly .  I n  theee  cases  t h e  incone of t h e  enplogees 
(doctors  and n e d i c a l  s t a f f ,  t eachers  e tc . )  is not  taken 
i n t o  account, Thus t h e  conplex of genera l  gub l i c  needs 
mustn' t  nixed up wi th  t h e  t r a d i t i o n a l l i r  uaed t e r n  of ~ o v e r n n e n t  
expenditure. 
